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TO 
HIS ROYAL HIGHNESS 


E 6 


PRINCE of WALES, 


SIR, 


HE generous encouragement con- 
ſtantly given by your Royal Pro- 


genitors to thoſe who have endeavoured 


1 to make any Improvements in the uſeful 
arts and ſciences, makes me flatter myſelf 


that Your Royal Highneſs, who give ſuch 


early hopes of inheriting all their virtues, 


1 will be graciouſly pleaſed to honour the 


following Treatiſe with Vour Patronage. 
My aim in publiſhing it, is to ſhew how 
© fortreſles may be built in the beſt and 


: Y cheapeſt manner. I may venture to fay, 


5 that a work of this kind has been hitherto 


wanting in the Engliſb language: and I 
may add, that the ſubject is moſt certain- 
2 15 of importance; experience having too 


often ſhewn the fatal effects which the 


Y ages of the Art of Fortification may pro 


a 2 duce, 


iv DEDICATION. 
duce, as well as the advantages arifing ta 
our prudent neighbours from the great 
encouragements they give to this branch 
of knowledge. | 

Your Royal Grandfather, ever attentive 
to the public ſecurity and welfare, moſt 
graciouſly inſtituted the Royal Academy 
of Artillery for the inſtruction of young 
Gentlemen in the Art of War. As it is 
my duty, ſo it has ever been my care, to 
facilitate their ſtudies : and if my labours 
ſhould be thought to deſerye Your Royal 
Highneſs's attention and approbation, it 
would be an inexpreſſible ſatisfaction to 
me, who think myſelf happy in every op- 


portunity of ſhewing the profound reſpect 
with which I am, 


SIR, 
Your Royar, Hichxzss's 
moſt bumble, 
moſt dutiful, 


and moſt obedient ſervant, 
Woqkwich, | 
8. 1755. 
Joun Murr. 
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[LJ HEN a fortreſs: is to be built, to chooſe 
Y Y ſuch a fituation as will anſwer the intent 
in the beſt manner, to adapt the works pro- 
perly, and to uſe no more than are neceſſary, to 
make from their plans and profils an eſtimate of 
the quantity of maſonry requiſite, and of the earth 
tobe removed, to trace the plan on the ground, 
to lay the foundation in any kind of ſoil, to eom- 
plete the walls, ramparts, and all the military build- 
ings, ſuch as draw- bridges, town- gates, powder- 
magazines, barracks, ſtorehouſes, cazemats, and 
ſally- ports; theſe are the ſubjects of Practical For- 
tification, and what we propoſe to treat of in the fol- 
lowing work, together with the manner of build- 
ing ſtone- bridges over large rivers, piers for in- 
cloſing harbours, wharfs, quays, fluices, and aque- 
ducts. | 
As no Treatiſe of this kind has appeared yet in 
Engliſh, I thought it would not altogether be uſe- 
leſs to the Public, if I ſhould give, in a plain and 
ealy manner, the conſtruction and executive part 
of the works belonging to a fortreſs, and add what- 
ever might contribute to the improvement of this 
uſeful art, ſuch as the theories contained in this 
work, which it has been my endeavour to render 
| 0 a 3 | 28 
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as general, and as ſimple as the nature of the ſub- 
ject will admit of, that they might extend to all 
the different caſes which may occur, and at the 


ſame time be with eaſe adapted to common prac- 


tice. 


It being of importance to know the proper thick- 
neſſes of the walls which ſupport earth, ſo that 
they may be ſtrong and durable, yet not more ſo 
than is neceſſary; therefore this work begins with 
a general theory of them; which being deduced 
from the leaſt exceptionable principles, is applica- 


ble in all kinds of ſoils and caſes: for the common 


ſuppoſition made by ſome gentlemen of the Aca- 


demy of Sciences at Paris, and by Mr. Belidor, 


that the natural ſlope of earth not ſupported by a 
wall forms an angle with the horizon of 45 de- 
grees, is true in one particular kind of ſoil only. 
This is plain to reaſon, from the different tenaci- 
ties of different ſoils, and may be verified by an 

caly experiment; which will ſerve likewiſe as a 
practical method for finding the angle formed by 
the natural ſlope of any kind of earth. 

Make a bank of newly removed earth about ten 
or twelve feet high, and cut it vertically on one 
ſide; this bank deing left ſtanding during eight or 
ten Months in the dampeſt ſeaſon, will form the 
angle required. It is true, the particles of earth 
being heterogeneous, they will not form an even 
ſurface, therefore that angle will vary in different 
places; but as in practice no geometrical exactneſs 
can be obtained, nor is required, if that angle 
comes within Are degrees of the real one, it is ſuf- 
fictent; for that quantity, more or leſs, makes little 
difference. in the thicknels of walls, as may be ſeen 


in 


_— 
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in the table of general rules. Since then ſand cauſes 
a greater preſſure, and clay a leſs one, than common 


X earth; to make the walls in each caſe of an equal 


ſtrength would endanger thoſe which ſupport ſand 
of falling down, and there would be more work 


© than need be in thoſe which ſupport clay: beſides, 


as ſtone is ſpecifically heavier than brick, it is evi- 
dent, that ftone walls do not require ſo great a 


Z thickneſs as thoſe made of brick, yet the gentle- 
men mentioned before, have made no diſtinction 


between the one and the other in their theories. 
As ſome of my readers may not underſtand al- 
gebra, which I have been obliged to uſe, in order 


to make the theory general; therefore, to render 


this work uſeful to every reader, I have added a 
table, containing general rules for finding the di- 
menſions of ſtone and brick walls of any height, 
according to the different angles made by the natu- 
ral ſlope of earth with a vertical ſection, from 80 
to zo degrees for every 5 degrees interval, and ac- 
cording to the different {lopes given to walls on the 
outſide. The natural {lope of common earth mak- 
ing nearly an angle of 45 degrees, and being the 
caſe that moſt frequently happens in practice; I 
have computed four tables of dimenſions upon this 
ſuppoſition, two for ſtone walls, and two for brick 


ones, from ten to fifty feet high, with or without 


parapets : theſe tables contain the thickneſſes. 
above and below in regard to the different ſlopes 
given to the walls on the outſide, together with 
the dimenſions of the counterforts, in order to 
ſave a builder the trouble of computing them 

himſelf, although it be very ſhort and eaſy. 
Since fortreſſes are moſtly built at preſent with 
demi-revetements, that is, they are partly walled, 
a 4 | and 
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and partly turfed on the outſide; I imagined that 
tables containing the dimenſions of this kind of 
walls would alſo be very uſeful, and ſo much 
the more acceptable to the reader, as no author 
has given any before: this was not owing to any 
belief that they were not uſeful, but rather to 
the difficulties in conſtructing them; for as the 
height of the walls and that of the earth above 
them, form an infinite number of caſes, to com- 
prehend them all in a table would have been im- 
poſſible; therefore the only thing that could have 
been expected was to give tables of their ratios, 
as we have done. 
That I might omit nothing uſeful in practice, 
I have given problems of all the different profils of 
walls which have hitherto been uſed upon various 
occaſions; and have compared the quantity of ma- 
ſonry that each of them requires, in order to know. * 
which is preferable to the reſt; whereas the French © 
authors, who are the only ones that have written 
upon this ſubject, have implicitly followed the 
profil of Mr. Vauban, as being univerſally uſed by 
all the engineers in France, without conſidering 
whether it might not be changed for another better 
adapted to the nature of the ſubject; whereby they 
have been reduced to the neceſſity of making their 
computations ſo very operoſe as they have done 
on the contrary, I conſidered that as the ſections in 
the ſame kind of earth are always ſimilar, bx 
making the profils' likewiſe ſimilar, the opera-? 
tions would become very eaſy; ſince the thick- 
neſſes of thoſe walls which have the ſame ſlope 
would then be to their heights in a conſtant ratio. 
I proceed next to the theory of arches, which is 
eſteem ed one of the moſt difficult problems in me- 
chanics; 
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thanics; for tho? ſeveral eminent mathematicians 
have attempted to ſolve it, yet, in my opinion, not 
one has entirely. ſucceeded; for whoever reads their 
performances of this kind, will find, whenever their 
general equations are applied to any particular ex- 
ample, that nothing but abſurdities follow from 
ſome, and ſuch dimenſions from others, as by no 
means anſwer the purpoſe. Some of them have 
ſuppoſed that all the arch-ſtones were quite {ſmooth 
and poliſhed, laid without any cement or mortar ; 
and others, that the part of the arch between the 
key-ſtone and the hances was as it were one-conti- 
nued ſtone, and the other part between the hances 
and the ſpring: of the arch joined to the pier, as if 
all together formed likewiſe one ſtone: but as 
both theſe ſuppoſitions arc erroneous, and contrary 
to what happens in arches, it is evident, that the 
concluſions drawn therefrom cannot be juſt. 

I have confidered the preſſure of every arch-ſtone 
ſeparately, both in regard to its weight and the ob- 
liquity of its direction, and have ſuppoſed them to 
be laid in ſuch mortar, as is neither hard enough to 
make the arch like one continued ſtone, nor yet ſo 
ſoft as that they may flide with eaſe upon each 
other: from thence, and ſome known principles of 
mechanics, it is eaſily proved, that the ſum of the 
preſſures of all the arch ſtones contained in half 
the arch is equal to the preſſure which the whole 
weight would make, were it placed in the center 
of gravity of half the arch; whereby the ſolution 
of the problem has been reduced to that of finding 
the centers of gravity in the ſeveral figures of which 
arches are compoſed; which centers are found in 
the moſt ſimple and eaſy manner that the nature 
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of the ſubject will admit of; and the ſolution of 
the problem, whereby the thickneſſes of the piers 
are found, is contained in a very {imple quadratic 
equation. 

It has hitherto been . though without 
any foundation, that an elliptic arch is weaker, and 
preſſes the piers with a greater force, than a circu- 
lar one. The reaſon which authors pretend to give 
for this ſuppoſition is, that all the joints of a cir- 
cular arch, when produced, meetin the ſame point : 
from thence they erroneouſly conclude, that it is 
the ſtrongeſt ; without confidering that all low 
arches require leſs maſonry than thoſe which are 
higher, and that the increaſe of force againſt the 
piers, ariſing from the obliquity of their directions, 
is diminifhed more in proportion by the leſſer 
quantity of weight which they ſupport. 

In the problems given of the ſeveral kinds of 
arches, 1t has been found, that the thickneſs of the 
piers are nearly the ſame in all arches of the ſame 
width ; though thoſe of circular ones are rather 
greater than any others, but yet not ſo much as 
deſerves to be taken notice of. This appears alſo 
from the common principles of mechanics; ſince 
the higheſt arches, which are moſt loaded, have the 
directions of their preſſures leſs oblique; and on 
the contrary, the loweſt, which are leaſt loaded, 
have the directions of their preſſures more inclined. 

This being demonſtrated, many difhculties, 
which often ariſe in the conſtruction of arches, are 
eaſily avoided : as for example, when a powder 
magazine built in the common manner would be- 
come ſo high as to be ſeen from without, it may 
be made with an elliptic arch: when cazemats, 
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ſally-ports, or any other ſubterraneous buildings, 
are to be built under low ramparts, and there is 
not a ſufficient quantity of earth to cover them if 
the arches were made circular, they may be 
made elliptic, or with arcs of circles. It is true, 
that elliptic arches may appear not ſo ſtrong in 
powder magazines as circular ones, and, of con- 
ſequence, leſs able to reſiſt the ſhock of the ſhells. 
thrown upon them: but if it be conſidered, that 
they are more curvated at their hances, where 
they are thinneſt, and that the middle of the 
arch, which is its weakeſt part, is ſufficiently 
covered by maſonry to apprehend no danger there, 
it will be found that the elliptic arches are full as 
ſtrong as the circular ones. | 

But the greateſt uſe of elliptic arches appears 
to be in the building of bridges; and they ſeem 
indeed to be the only ones that are proper for ſuch 
works : for when the arches are of a great width, 
the circular form raiſes the middle of the bridge 
too high above the ends, whereby the draught of 
heavy carriages becomes very great ; neither does 
it appear ſo well to the eye, and requires much 
more maſonry than is neceflary ; to which may be 
added, that this great weight requires larger foun- 
dations for the piers, and often cauſes them to 
ſink when the foil underneath is not very hard 
and ſolid, as experience has ſufficiently ſhewn. 

I do not know what can excuſe an architect 
who makes ule of circular arches in bridges, when 
it is known that they require ſo much more ma- 
ſonry than is neceſſary; ſince an elliptic arch is as 
eaſily deſcribed upon boards with a ſtring about 
two points, as a circular arch about one: neither 


18 
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is there any greater difficulty to trace the joints. 


in one than in the other, nor in the making pat- 


terns for cutting the arch - ſtones: 3 the 


pretended difficulties which ſome builders alledge 


to be met with in the conſtruction of' elliptic 


arches, are frivolous and trifling, in compariſon 


to the many advantages they have over all others. 
If the arches of Meſtminſter-Bridge had been 


made elliptical, and ſo as that their heights had 
been two-thirds of what they are now, then the 


great or middle arch, . which. is 76 feet wide, and 
38 feet high, would have been reduced to the 


beighe of 25 feet 4 inches only, and the reſt in 
proportion; the quantity of maſonry contained in 
the arches would have been diminiſhed by one 


third; and the ſlope above, which is ſo conſider- 
ably ſteep, and makes the bridge appear ſo diſagree- 


able to the eye, would have become quite eaſy. 


In order to explain the ſeveral problems given 


for different arches, and to make their application 
plain and eaſy, I have given examples in num- 
bers of every one; and for the ſake of ſaving trou- 
ble to the builders, I have computed a table 
of dimenſions for piers of powder magazines, 


from 6 to 24 feet high, wherein the ſhock of 
the ſhells that may be thrown upon them has 
been conſidered. As theſe dimenfions agree very 
nearly with thoſe which Mr. Vauban has uſed in 
the conſtruction of ſeveral magazines, and theſe 
magazines have never failed in any ſiege, though 
many thouſands of ſhells have fallen upon them, 


as has been related, the reader may depend upon 
the dimenſions we have given in our table. 


The 
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- The third ſection contains the theory of timber, 
a ſubject of no leſs importance to an engineer than 
any of the former; fince thereby he is informed, 
how to place every piece in its beſt poſition, and 
what dimenſions they ought to have, ſo as the 
whole frame ſhall be equally ſtrong in every part, 
without uſing more timber than is neceſſary. 
After having determined the proportion between 
the ſtrength of ſcantlings of the ſame or different 
forts of timbers, placed any how, and which have 
different dimenſions; I give ſeveral tables of di- 
menſions for girders, joiſts, principal rafters, and 
other pieces uſed in buildings, made of oak or fir, 
adapted to large and ſmall buildings; and from 
thence it 18 ſhewn, that the dimenſions given by 
architects, bear no juſt proportion to each other. 
As moſt of our architects make the oak ſcant- 
lings of larger dimenſions than thoſe of fir, which 
are to ſupport the ſame weight; and as Mr, Parent, 
formerly of the Academy of Sciences at Paris, is 


. faid to have made ſeveral experiments on the 


ſtrength of timber, and found that the ſtrength of 
fir ſcantlings is to the ſtrength of oak ſcantlings 
of the ſame dimenſions, as 6 to 5: I was induced 
to make ſome experiments myſelf, in order to con- 
firm, or ſhew the falſity of a ſuppoſition ſo impro- 
bable. By theſe experiments I found, that the 
ſtrength of the weakeſt oak I tried, was to the 
ſtrength of the beſt fir I could get, as 8 to 7, and 
by comparing the beſt of each ſort, as 3 to 2; 
which differs greatly from the practice of our archi- 

tes, and the experiments made by Mr. Parent. 
In regard to the practice which I have treated 
of, in the ſecond and third parts of this work, ſuch 
as 
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as forming a ſcheme for building a fortreſs, the 
manner of tracing; the works on the ground, the 
preparing and diſtinguiſhing the materials, the 
laying the foundations in any kind of foil, the 
building the walls and ramparts, together with 
all the military buildings which fall under the 
direction of an engineer; we ſhall refer the reader 
for theſe to the table of contents; and only ob- 
ſerve here, that nothing has been omitted which 
I imagined to be of any uſe to the young and 
unexperienced engineer, 

The fourth and laſt part treats of aquatic build- 
ings, a ſubje& more copious, and no leſs neoeſſary 
to be underſtood by an engineer than any yet men- 
tioned: for few fortrefles are now-a-days built 
but what are ſituated near navigable rivers, lakes, 
or the ſea, for the benefit of trade and navigation : 
conſequently bridges, harbours, ſluices, and aque- 
ducts are immediately connected with them, and 
are to be built by the ſame engineer who directs 
the works of the fortreſs ; for which reaſon, J have 
cndeavoured to aſſiſt him as much as the ſhortneſs 
of the work will admit of. | 

This part begins with thedeſcription of ſtone- 
bridges, where, after having treated of their ſitua- 
tions, and other previous precautions to be taken 
before the dimenſions are fixed upon; I give a 
problem for determining the thickneſs of piers of 
any height, when the width of the arch is given; 
and from thence I have conſtructed a table, contain- 
ing the thickneſſes of piers from 6 to 24 feet high 
for arches from 20 to 100 feet wide, which no 
author has yet done: It is true, Mr. Belidor has 
given a rule for finding the thickneſs of piers which 

| are 
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are ſix feet high: but as this rule ſerves in one caſe 
| only, and is deduced from practice, and not ground- 
ed on theory, nor any ſubſtantial reaſons, it is 
evident, that no great dependance can be had 
thereon. Then I deſcribe various methods for 
# laying the foundations, either with batardeaus, 
® coffers, or other contrivances, in different depths 
of water, and in any kind of foil, and alſo the man- 
ner of carrying on the work from the beginning to 
the entire finiſhing the bridge, with all the ſecu- 
rity and neceſſary precautions we could think of. 
After this I treat of harbours, a ſubject of great 
importance in a trading nation like this, to pre- 
ſerve not only the royal navy in ſtormy weather, 
but likewiſe afford an aſylum for merchantmen 
in diſtreſs; though there have been ſeveral built 
4 in different parts of Europe in later times, yet 
we are very much in the dark in regard to a me- 
=X thod whereby we may proceed in all kinds of ſitua- 
tions. Very few directors of theſe works have 
thought proper to communicate their proceedings 
to the Public. Mr. Belidor s the only author who 
has written particularly upon this ſubject; but as 
in moſt parts of France ſtones are 1n great plenty, 
whereas they are generally very ſcarce in the greateſt 
part of this country; the method which the French 
chiefly follow can be hut of very little uſe here: it 
is true, this author has given ſeveral others, that 
may be uſed in moſt ſituations, which I have taken 
care to inſert in this work, and have added ſuch 
others as I imagined might ſerve upon thoſe occa» 
ſions where his could not be applied. 
I have endeavoured to be as particular as poſſible, 
in the preliminary enquiries to be made before a 
reſolution is taken to fix upon the ſpot of ground 
| 2 ba. bY for 
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for making a harbour; as likewiſe in the choice 
of the materials to be uſed; in placing the en- 
trance of the harbour, ſo as the ſhips may enter 


in ſtormy weather, and fail ont when fair; in 


the manner of laying the foundations in any kind 
of ſoil, in that of carrying on the work; and 
finally, in examining into the proper thickneſs 
which the piers ought to have, in order to reſiſt 
the waves, and at the ſame time be convenient 
for lading and unlading ſhips whenever it ſhould 
be found neceſſary. 

To illuftrate what has been ſaid, I have given 
the plan and ſection of a pier made of ſtone or brick, 


together with the plan and ſection of one of wood, 


both which have formerly been propoſed for in- 
cloſing a harbour to be built at that time. As it 
was ſaid that the funds allowed were not ſufficient 
to build the piers with ſtone, I propoſed to lay 
the foundation only with ſtone, and to finiſh the 


reſt with bricks, ſtrengthened at every eight feet 


high, with a courſe of ſtones crampt together ; or, 
if this method was yet too dear, to build the piers 
with wooden frames, in the manner given here; 
but an objection was made that brick would ſoon 
be deſtroyed in falt water; though it may be 
proved that when they are well burnt, ſuch as 
thoſe called clinkers, they are more laſting than 
Portland ſtone: For at Port/mouth, the founda- 


tions on the ſea ſide built with this ſtone are made 


quite hollow, and worn away by the motion of the 


ſea-water; whereas the bricks uſed at Woolwich 


wharf, at Chatham dock, and at Dover harbour, 
beſide ſome others to be met with in Holland, are 
not the leaſt damaged, * they ye, been laid 
theſe many years. 

What 
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PREFACE xvii 
What has | been/ faid in reſpect to laying the 
foundation, and carrying on the work of piers for 
harbours, will equally ſerve for building wharfs, 
quays, and flips for docks, ſince the one and the 
other require a continued wall to be made in wa- 
ter; only wharfs and quays are built with leſs 
trouble, on account of being near the ſhore, where 
the motion of the water is not fo dangerous, and 
are built but of a ſingle wall; which therefore is 
made ftronger, and ſecured with land-ties, to 
prevent its being thruſt out by the heavy bur- 
= thens generally laid upon them. | 

The work concludes with the manner of build- 
ing ſluices and aqueducts, a ſubject too copious to 


be treated ſo fully as it ought to be in fo ſmall a 
work as this. However, the manner of ſecuring 
the foundation with common and dove-tail piles 


has been fully explained, as well as that of making 
the wooden frames and floors which are laid upon 
them; and how the maſonry is to be carried on in 
the ſecureſt manner. That the reader may be en- 


= abled to proceed upon all the various occaſions 
= which may happen in practice, I have given a ge- 
neral conſtruction of a large ſluice with a double 
pair of gates, in ſuch a manner as to be applicable 
to the moſt eſſential caſes, by changing a few par- 
ticulars, which may vary in certain circumſtances. 
 T have likewiſe ſhewn how to determine the moſt 
advantageous poſition of the gates, and given the 
dimenſions of the ſeveral pieces of which the 
gates of ſuch fluices are compoſed, whoſe width 
are from 8 to 48 feet; as likewiſe the irons made 
uſe of to fix and ſecure them : in ſhort, nothing 
eflential has been omitted, which might any ways 
contribute to the reader's ſatisfaction. f | 
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IF it be conſidered, that canals for navigation 
are made from one end of a country to the other, 


* 4 


over hills and valleys, by means of ſluices and 3 


aqueducts; that harbours are formed and clear- 1 
3 


ed from the ſand and ſhingle driven in by the 
water; low and marſhy lands dried and made 
Andie. as likewiſe dry and barren lands ſupplied 3 
with a praper moiſture to make them fruitful ; i : 
countries are defended againſt a powerful enemy 


water; andif to this we add, the excellent uſe of 2 * 
Nuices in the attack and defence of places, ſo well 2 75 
deſcribed by Mr. Belidor, whereby a fortreſs may 3 
be made almoſt impregnable ; whoever conſiders 3 
all theſe things, will find, that no works directed 
by an engineer require a more extenſive know 2 
ledge, both in theory and practice. ; 

I have endeavoured throughout the whole | 3 


make the ſubject plain and eaſy; but as no im- 
provements can be made in any branch of learning I 
without the help of theory, I fear that many of 
my readers will not underſtand the moſt eſſential | 


Parts of this work, which it was not in my | 


power to treat of otherwiſe: I would 4 


.adviſe the learner to begin to ſtudy my Element: | 3 


of Mathematics, which: were. compoſed chiefly 


for military gentlemen, and to ſerve as an intro- 


duction td works of this kind. 4 
As I am ſenſible that, for want of being tho- 3 
roughly acquainted with the Engh/h * g 


many grammatical errors are to be found in this . 5 
work, notwithſtanding all the poſſible care that 


has been taken, I hope for the reader: 8 Andul- 
gence in this reſpec. 1 
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The Tazory of WALLS. 


N order to have a clear idea of what follows in re- 
gard to the theory of walls, it is neceſſary to ex- 
plain the ſuppoſitions, on which its veracity de- 

pends. Thus we ſuppoſe that if new-made earth, ſuch 
as in ramparts, was not ſupported-by a wall, the par- 
ticles would Jooſen from each other by the dampnefs 
of the weather, and tumble down ſo as to make a ſlope 
= nearly in a plane ſurface, which plane is called the na- 
== tural flope of the earth; and is fuppofed' to have al- 
& ways the ſame inclination in the ſame fort of ſoil. 

The ſecond is, that the wall is ſo well cemented, 
as if it were made of one ſingle ſtone, as far 
as its foundation, io that, if a ſufficient power 
was. applied to any part of it, it would * 
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has always the ſame inclination, in the ſame ſort of 


joined as firmly to its foundation as in any other part, 


Z PRACTICAL Sect. 1: il 
off near the foundation, and would turn in the ſame 


manner as if it was compoſed of one ſtone only. 7 
The firſt of theſe ſuppoſitions may be proved in 
this manner; ſince whatever obliquity is required 


for one particle to tumble down, the ſame will alſo 
be required for any other of the ſame weight and te- 
nacity, and therefore the ſum of all the particles tum- 
bled down, will form a plane ſurface nearly, which 


ſoil, but will vary according as the foil has a greater 
or leſs tenacity. For example, ſand will form a greater 
ſlope than common earth, and this a greater than loam 
or clay. 

It 2 be ſaid, that all the particles of the ſame 
ſort of ſoil have not the ſame magnitude, as may be 
ſeen diſtinctly in ſand, and 98 what we have 
ſaid is not abſolutely true: but though it is impoſſible 
to determine this ſubject according to a mathematical 
ſtrictneſs, yet it is ſufficiently exact for common prac- 
tice, where ſo great a nicety is not required, nor ne- 
ceſſary. 1 i a 

As to the ſecond ſuppoſition, if we conſider that 
the wall is always built a twelvemonth, or ought to 
be ſo, before the earth is laid againſt it, it has time 
to dry well, before any preſſure is made againſt it; 
beſides ſmall branches of wood are mixt with the 
carth to leſſen its preſſure : and though the wall is 


yet this is advantageous to the reſiſtance of the wall; 
and the ſuppoſed equilibrium, between the momen- 
tums of earth and the wall, is not ſtrictly true, nor 
ought it to be ſo; or elſe the wall would ſoon tum- 
ble down, by the leaſt accident that would happen. 


RO. 


„an FORTIFICATION. 7 


PROBLEM I. 


in | 2 
d find the preſſure of earth repreſented by the tri- 
ſo BR angle CDT, againſt the profil ABCD, of a wall, 
a direction perpendicular to the vertical line 
ri == DC. Plate I. Fig. 1. 

xt As the profil ABCD, and the triangle DCT, 


repreſent the baſes of ſolids which have the ſame al- 
aitude, the weights of theſe ſolids will be proportional 
io their baſes; for which reaſon we ſhall conſider the 
WS areas of the ſection ABCD, and of the triangle 
EDCT, as ſo many weights, which are proportional 
© Sto them. Since the ſum of the momentums of all 
© the parts is equal to the momentum of the whole 


0 veight re- united into its center of gravity by art. 422 
l 1 of our Elem. 
1t is evident that the weight of the triangle DC T, 


may be conſidered as re- united into its center of gra- 
vity S, and the deſcent of that center, when the tri- 
angle ſlides along the inclined plane, will be that by 
8 which its force againſt the wall muſt be eſtimated. If 
therefore SR be drawn perpendicular to the ſide DC of 
che wall; the whole preſſure may be conſidered as act- 
ing againſt that point R. | 
= Now becauſe the area of the triangle DCT, is 
Ws cqual to + DC x CT; if we call T the action of the 
WS weight in the direction parallel to We inclined plane 
WDT; and W the part acting in the direction SR per- 
pendicular to DC: we have DT: DC:: 2 DC x 
CT: T; by art. 499 of our Elements; and DT: 
CT: : T: W, by art. 501: and the compound of 
W theſe proportions gives BTM: DCxxCT: : + DC 
CT: W. Conſequently the angle CDT being given, 
the preſſure W will be given likewiſe. 
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7 PRACTICAL 


COR. I. 


© Hence if the height DC of the wall be called a, DT 
unity, and CT=5s: then will WS 554 a, by the laſt 
proportion; and becauſe the action along the inclined 
plane D T, is retarded by the coheſion of the parts, 
and it has been found by experiments that a body i 
ſliding along a ſmooth plane, requires one third of its 


Sect. 11 


weight to move it; therefore this expreſſion ought to 


be diminiſhed in the ratio of 3 to 2, in order to get the 
true preſſure: Again the ſpecific gravity of ſtone is 
to that of earth as 3 to 2; ſo that if we will compare 
the weight of the triangle DCT of earth with the 
weight of ſtone; the expreſſion muſt be reduced alſo 


in that ratio: that is, the value of W muſt be reduced 


in the ratio of 9 to 4, in order to get 3354 à for the 
true preſſure. VN OS | 


* 


COR. Il. 


Becauſe the line SR, is parallel to the baſe AD; 
DR will expreſs the diftance of the direction SR of 
the preflure againſt the wall from the baſe, or the 
point fix A, about which the wall muſt turn in order 
to be overſet; and ſince DR is 4 a, by art. 427. the 
product of the weight 5 55 @ a, multiphed by the dil- 
cance a, gives s, for the momentum of the 
earth's prefſure. 

N.B. It may be obſerved that DT is toCT, as the 
radius is to the fine of the angle CDT; and there- 
fore, 5 expreſſes the ſine of that angle, when the radius 
is unity. ä | 
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PROBLEM II. 


V nd the thickneſs BC above of a flone wall ABCD, 
__ /o as to re/ift the preſſure of the earth CDT. 


Draw BE perpendicular to the baſe AD; and let the 
Veights Q: P, be ſuſpended in the centers of gravity 
of the triangle ABE, and the rectangle EC, and to be 
proportional to their areas reſpectively. - 
Nou becauſe the preſſure of the earth endeavours to 
WE overſet the wall in Fo direction SR or DA, whilſt the 
= weights Q: P, retain it in the direction perpendicular 
tio AD: the ſum of the momentums of the weights 
2, P. muſt therefore be equal to the momentum of 
he the earth's preſſure, in caſe of equilibrio. Hence, if 
BC or ED=x, and AEZ a; the letter expreſſ- 
ing an indetermined but conſtant quantity; then will 
2a, Pax; and as the diſtances of the 
wVeights Q. P, directions from the point A, are 3 AE, 
); AE TED; that is, 2 a, 14 41 x; therefore 
of z will be the momentum of the weight Q, and 


he WE naax+ + ax x, that of the weight P: the ſum of 
er theſe two momentums being fade equal to 2 55 4 
ne the momentum of the earth, and both ſides divided by 
ij. 2, gives xx +2 ax +4nnas=£; $584; by 


nc adding 2 naa to both ſides, the firſt will be a perfect 
Ws {quare, whoſe roat multiplied by 9, and the ether fide 
by $1, is 9 X+9 1@=av 245542711, — 
NB. Mr. Cotes, in his Hydroſtatic lectures, page 
61, ſays that the ſpecific gravity of ſtone is to that of 
bricks as 2.5 to 2; that is, as g; to 4. If therefore we 
inereaſe the firſt term 24 55, under the radical ſign in 
the ratio of 4 to 5, we ſhall have 9 x 494 
a/ 2055+27nn, tor the equation which determines the 
thickneſs above of brick walls. | 
For example, if the baſe of the wall's lope is one 
fifth of its height, and the Nope of earth makes an "_ 
| "2 . 


/ 


6 PRACTICAL Set. 1. 
of 45 a; then will » = = =. 2, un =, 04, and 
JS. 5: whence multiplying 24 by .; and 27 by. oa 


and extracting the ſquare root of the ſum 13.08, we 1 x 


get 3.6167, from which ſubſtracting 1.8, and the dif- 
terence divided by 9, gives x = .2018 a, or x = £ ; 
nearly in ſtone walls. But if zo be multiplied by .;, 
and added to 1.08; the ſquare root of 16.08, will be 

4-009 nearly; from which ſubſtracting 1.8, and di- 


vidiog the difference by 9, we get x =, 245 @ nearly | 
in brick walls. 


Of COUNTERFORTS. 3 

IN building walls that are to ſupport earth, buttreſſes 
are made behind them at certain diſtances from each 
other, which are not ſeen, as being covered with earth; 
they are made in view to ſtrengthen the wall againſt the 


preſſure of earth, and to ſave expences; for by this means 


there is no occaſion to make the walls ſo thick as they 
otherwiſe muſt be. Theſe buttreſſes, are called Counter- 
forts, in fortification, and are made of various forms. 

Plate I. Fig. 2. Suppoſe the trapezium ABCD to 
repreſent the ſection of a wall without parapet ; then 
the rectangle DF repreſents the elevation of the coun- 
terfort, which is generally as high or within a foot, as 
the wall, and the baſe DG the length; and if we con- 
ſider the plane of the wall ; where KLMN, repreſents 
the baſe of the counterforts, and NP, their diſtance 
from each other, which may vary at pleaſure. 

Mr. Vauban made the baſe KL.MN of the counter- 
forts always broader at the root KN than at the tail 
LM, in the conſtant proportion of three to two; and 
the diſtance from the center of one to that of the next, 
18 feet: On the other hand, Mr. Belidor would have 
them made the contrary way, that is, narrower at the 
root KN than at the tail LM in the ſame inverſe pro- 
portion of two to three; becauſe the center of gravity 
of the counterfort, being thereby farther from the 


yall, will ſupport a e weight, than thoſe 17 
Y 


— — =: 


i! 1 


. "Law 
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Y by Mr. Vauban; they are beſides not ſo eafily deſtroyed 
oy cannon, when the wall is beat down, and ſo keep 
4 {6 better up the earth. But as he imagined that the en- 


gineers would hardly change an old eſtabliſhed practice, 


bor any other ever ſo advantageous; he computed his 
E tables according to Mr. Vauban's profil. 


We, on the contrary, make the baſe of our counter- 


WE forts rectangular, partly becauſe our engineers make 
chem ſo, and becauſe they are very near as ſtrong as 
= choſe made by Mr. Belidor; they likewiſe bind better 


with the wall, and the workmanſhip is cheaper and 
eaſier ; ſo that in the mean, they are better than thoſe 
of any other form. 

Inſtead of placing the counterforts at the ſame diſ- 
tance, whether the wall is high or low, as Mr. Yauban 


does, we make their thickneſs KN to their interval 
NP always in the conſtant ratio of unity to three, 
and their length K L or DG, one fourth of the height 
=X DC of the wall. From this diſpoſition of the counter- 


forts, the profils became ſimilar, and their thickneſs 
BC above is in a conſtant ratio, with the height DC, 
when the ſlope AB remains the ſame; as will be {cen 
hereafter ; whereby the operations become extremely 
eaſy. And this rule is agreeable to the preſſure of the 
earth, which we have ſhewn above to be ſimilar in the 
lame fort of ſoil. 

In a wall of ten feet high, the counterforts, according 
to Mr. Vauban's general profil, are 3 feet thick and at 
15 feet diſtant from each other; and in a wall of 80 
feet, their thicknels is 10 and diſtance but 8; and there- 
fore his counterforts are too far diſtant in low walls and 
too near in high ones; whereas ours may be placed 
farther from or nearer to each other, according as it is 
convenient in practice, provided the proportions men- 
tioned above are obſerved. . | | 

It may be obſerved, that the longer the counterforts 
are, the greater force they have to reſiſt the preſſure of 


the earth; but when they are made too narrow, they do 


B 4 | not 


& 7 ente! Sect. 1. 
not bind fo well with the wall; for which reaſon, I would 
make their thicknels never leſs than half their length. ti 
For inſtance, in a wall of 40 feet high, the length of 
the counterforts will be 10 feet, according to the pro- 
portion mentioned before: their thickneſs ought, in 
my opinion, to be no leſs than 5 feet, and then their 
diſtances from each other will be 15 feet; but in a 
wall of ten feet high, their length will be two feet ſix 
inches; and their thickneſs ought to be two feet; then 
their interval will be fix; whereas if they were made 
thinner, they would ſtand too cloſe to one another, 


PROBLEM III. 


To find the thickneſs above of ſtone walls which 
have counterforts, ſo as to refiſt the preſſure of 
the earth. Fig. 2, 2 


Becauſe the length DG of the counterforts is a 
fourth part of the height DC; the area DF will be 
x44, and AD +3 DG, that is, „uA +48, will 
be the diſtance of its ditection from the point A; there- 
fore Laax4+ 2 + , will be the momentum 
of the counterfort: but as there is an interval between 
them, and therefore is too much by that interval, or 
as but one part in four is taken up by the counter- 
forts, this momentum mult be divided by 4 in order to 
have M aa T 4 24 T , for the true mo- 
mentum; which being added to that of the wall found 
in the laſt problem, and their ſum made equal to 
that of the earth, when divided by = 4, gives, x x 
T2 TTTA TTD II Draa = 
34: if we add 3 - 4a to both ſides, the 
firſt will be a perfect ſquare, and the ſecond reduced 
under the fame denomination, whoſe common deno- 
minator is 81 x 64, then the firſt ſide multiplied by its 
Toot 72, give 72 * + 72na-þ 454=4av 1536 5 5— 
60.75+1728 un for the general equation which deter- 
mines the value of x in ſtone walls: But if we increaſe 

| 6 the 
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ne firſt term 1536 3 under the radical ſign, in the ra- 
tio of 4 to 5, as has been ſhewn in the Jaſt problem, 
9 e get 72 x + 72 na + 45 4 = av 1929 55— 60. 75 
s, for the general equation which determines 
WT che value of x, in brick walls. 


Hence it is manifeſt, that when. the fine 5, and the 


; 4 value of # are known, the thickneſs above x of the 
ES wall, will be always expreſſed by parts of a, the height 


of the wall; and from thence, general rules may e 
WT found for all the different ſlopes that commonly a 
WT given to walls, and for any angle the ſlope of earch 
makes with the vertical line DC, as will appear by the 
following examples. 
= Let the baſe AE of the ſlope be one fifth of the 
height DC, and CDT an angle of 45 degrees : then 
will = + . 2, andss ==; 3 "theſe values being ſub- 
ſtituted into the firſt equation give 776.37 for the 
quantity under the radical ſign, whoſe ſquare root is 
27.863 4; from which ſubtracting the ſum 18.9 a, 
ot the two known terms, and dividing the difference 
by 72, we get * =.1245 4, or x= 24 ; nearly | in ſtone 
== walls. 
2 But if we ſubſtitute the valow of 5s and , into the 
WW ſecond equation, we get 968.37 for the ſum of the 
terms under the radical ſign, whoſe ſquare root is 31. 
1184, from which ſubtracting the ſum 18.992, of the 
two known terms, and dividing the difference by 72, 
we get x. 169 4, in brick walls. 

If the baſe AE of the ſlope is one ſixth, and the 
angle CDT, 45 degrees: then will z equal 4, 5s ==; 
theſe values being ſubſtituted into the firſt equation 
give 755.25 for the ſum of the terms under the radi- 
cal ſign, whoſe ſquare root is 27.48 14, from which 
ſubtracting the ſum 16.54 of the two known terms, 
and dividing the difference by 72, we get x =.153a, 
ja ſtone walls. 

But if the fame values of z and 55, are ſubſtituted 
into the ſecond equation, we get 947.2g, whole ſquare 

root 
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root is 30.77% a, from which ſubtracting the ſum 16. 
5a of the two known terms, and dividing the dif- 
terence by 72, gives x . 198a, in brick walls. 

Again ſuppoſe the angle of the (lope DT to be 30 
degrees, then will s =.5; and ss = 25: theſe va- 
lues being ſubſtituted into the firſt equation, give 384, 
for the firſt term under the radical ſign, and by ſubſti⸗ 
tuting that value in the ſecond equation, we get 480 
for that term. 

Now if 1 = 2; we get 392.37 for the ſum of the 
terms under the radical ſign, whole ſquare root is 19. 
808, and hence x = .0134a, nearly in ſtone walls; and 
in brick walls, we get 488.37 for the quantity under 
the radical ſign, whoſe ſquare root is 22.099, and hence 
* S. O44 a nearly, 

Becauſe the ſum of the ſquares of the ſine and coſine 
of any angle is equal to the ſquare of the radius; if we 
ſubtract the ſquare .25 of the {ine of 30 degrees, from 


the ſquare of the radius or unity, we ſhall have..75 for 


the ſquare of the line of an angle of 60 degrees. 

Wuhence, ſubſtituting this value into the firſt equa- 
tion, we ſhall have 1132 for the firſt term under the 
radical ſign, and by ſubſtituting the ſame value into the 
ſecond, we get 1449 for the firſt term under the radi- 
cal ſign, 

Now if z=.2; then will 1160. 37 be the ſum of the 
terms under the ſign, whole ſquare root is 34.064, and 
hence x =. 2114, in ſtone walls, and 1448.37, will 
be the ſum of the terms under the ſign, whoſe ſquare 
root is 38.057 : and therefore x = .2664, in brick 
walls. When the ſlope of earth DT makes any other 
angle, the operations become more tedious; and in that 
cale the values of 5, are to be taken out of the tables of 
natural fines; and it will be ſufficient to take only the 
three firſt numbers. 

But to ſave the trouble to practical engineers, we 
have computed the values of x, when the ſlope is 4, 3, 
3+ + 3 for both ſtone and brick walls; and whea the 

5 ſloge 
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WE lope DT of earth makes an angle from 3o to 80 de- 
WE orees for every 5 degrees, which we imagine to be 


ſufficient, as may be ſeen in the following table, where 
che fractional numbers in the firſt horizontal line 


expreſs the ratio of the baſe AE of the wall's lope to 


the height of the wall; the firſt vertical column ſhews 
the angles which the ſlope of earth makes with the ver- 
tical line DC: and the other numbers give the ratio of 
the thickneſs of the wall; or the values of x, to its 


height, which numbers are all decimals. 


Example, If the baſe AE of the ſlope is one fifth 
of its height, and the angle CDT, 45 degrees; 
W then the number oppoſite to 45 and under +, is 125, 
which being multiplied by the height of the wall, 
ſuppoſe 30 feet, gives 3.750, or 3 feet 9 inches: ſup- 
poſe the angle CDT, to be 60 degrees, and the baſe 
of the ſlope one fifth; then the number 211 oppo» 
ſite to 60 and under +, being multiplied by the 
height of the wall 30 feet, gives 6.330 or 6 feet 4 in- 
ches nearly. | 
N. B. It muſt. be obſerved once for all, that we 


always take the neareſt number in all our computa- 


tions. Thus if the fourth decimal is either 5 or above 
we always increaſe the third by unity; the fame thing 
is to be obſerved in regard to inches: for in the laſt ex- 
= ample .33, multiplied by 12, gives 3.96 inches, which 
== 15 4 inches nearly. ke 
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( 
GENERAL RULES. 

For Stone walls. For Brick walls, 
. 
| 80*| 275| 204 326 342 338 | 268 | 389 406 

75 |265|292 [316|332 327 | 356 | 378 393 
70 250280301317 || 311 |240 | 362 378 
| 65 |235|262 | 283 | 299 || 290| 320 | 342 | 358 
bo [211|239|256[277 265] 296 |314 | 333 
| 55 191 [214 233251238267 | 288 304 
| 50 | 153|185|[202|221 2082300251271 
| 45 |125|153|[173|i89||169|198 219 235, 
40 |o8g|117|137| 153] 130| 159] 179 | 195} 
35 052079093114 087 1166134 152 
_3o [0131038 [057072 044071 [099] 106 | 


As the baſe of the ſlope is never leſs than one eighth 
greater than one fifth of the wall's height; we 
thought it needleſs to carry theſe general rules any 
farther, which however may be done by means of the 
two preceding equations, Whenever it is thought ne- 


nor 


ceſſary. 


To find the general rule for any intermediate angle 
ſay, As 5 degrees is to the difference between che 
given angle, and that next to it in the table, ſo is the 
difference between the numbers in the table oppoſite to 
the angles next below and above the given angle; the 
fourth term added to the neareſt number if above it, 
or ſubtracted if below, gives the number ſought, 
Thus the angle being 53 : ſubtract it from 55, ſub- 
tract the number 153 of go from the number 191, 
Then ſay, 5: 2: 


which gives 38. 


. 


15; and 18 


ſubtracted from the number oppoſite to 55, Which 1 
191, gives 176 for the number ſought, 


The 
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= The firſt and ſecond tables have been computed 
= from the general rules, when the ſlope of earth makes 
an angle of 45 degrees, which is moſt commonly the 
= caſe in a middling ſoil, and is what Mr. Belidor and 
others have ſuppoſed ; ſo that if any error ſhould have 
= been committed in theſe tables, they may be corrected 
by the laſt rules, and if the height of a wall, not ex- 
preſſed in theſe tables, ſhould be given, whoſe thick- 
gneſs above being required, it may be found. Thus if 
the given height be 35 feet, and the ſlope one fifth; 
multiply that height by 125, which gives 4.375 feet 
or 4 feet and 4.5 inches for the thickneſs required in a 
ſtone wall. | 
The thickneſs near the foundation, is found b 

adding the baſe of the ſlope to the thickneſs above; 
thus when the baſe of the flope is one fifth, and the 
wall 3o feet high, then one fifth of 30 is 6, to which 
add the thickneſs above 3 feet ꝙ inches, and the ſum 
9 feet g inches will be the thickneſs required. It is to 
be obſerved that the length of the counterforts, in theſe 
tables, is always one fourth of the wall's height, as has 
been mentioned before, and their thickneſs is to their 
interval as unity is to 3. | 


* 


PROBLEM IV. 


8 To find the thickneſs of walls which have parapets, 
according to the third profil. Fig. 3, Ks 


In walls with parapets, the flope AB of the wall is 
always terminated by the cordon B, within four feer 
| of the top F, and the upright wall BFHI, never ex- 
ceeds three. feet. in thickneſs; and the part HI, is 
always terminated by the line DC produced, when BC 
does not exceed three feet. 


reſiſt the preſſure of the earth, above the line BK 
| produced; there need be no other tables than thoſe 


already 


- . n 
4 C d . 45 4 we, \* * p * * 7 7 
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If the upright part LF of the wall was ſufficient- to 
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already given; but as this is not the caſe; the preſſure 
of the earth above the line B K ſhould be computed 
as well as the reſiſtance of the wall IF, in order to 
have the true ſolution of the problem: But this would 
make the work more tedious, than 1s neceſſary in prac- 
tice, and therefore we ſhall eſtimate. this force in an 
eaſier manner, and which anſwers full as well. T 

Suppoſe the wall ABCD to be carried up quite to 
the top F, and ſo as to be ſufficiently ſtrong to reſiſt 
the preſſure of the earth, and from thence the thick. 
neſs at BC is to be found; then I ſay, that the ſtrength 
of the whole wall will be ſufficient to reſiſt the preſſure 
of the earth. Tp 

For the earth above the line BC, extends not above 
18 feet, that is very little farther than the parapet FN 
reaches; and therefore the part IF of the wall will 
nearly be ſufficient to reſiſt the preſſure of that earth ; 
and as BC is more than it ſhould be, were the earth 
no higher than B C, it is plain that the wall thus de- 
termined will reſiſt the preſſure of the earth more than 
is ſufficient: beſides this agrees perfectly well with 
Mr. Vauban's profil of 30 feet high, that has been 
uſed in above go places without having ever failed. 

Now becauſe the height BE is to the baſe EA f 
the ſlope as the height BF, or 4 feet, is to the differ- 
ence between the thickneſs at B and that at F; that is, 
as AE is=na, BE=a; we have a: na: : 4: 422 
to the difference required, which therefore being added 
to the thickneſs at F, found in the preceding tables, 
anſwering to the height EF, gives the thickneſs BC 
required. 


„ «a 2_ «a a« ww HG” HW awd 


as Al 


 ... GENERAL RULES. 
If the baſe AF. is one fifth of the height B E; thei 


4n becomes .8 or 9.6 inches, which is to be added to the 


3 


thickneſs in the ſecond Column. 


7 5 


, or 7 inches nearly, which is to be added to the thickneſs 
ii the ſixib column. * 


ef = 
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15 
If AE is one fixth of B E, then will 4 become 4 or 


s inches, which is 10 be added to the thickneſs in the 
= fourth column. | 


If AE is one ſeventh of B E; then will 4n become 


Laſtly, If A E is one eighth of B E; then 4 n becomes 


| 7 4. or 6 inches; which is to be added to the thickneſs in the 
= ci2hth column. 


By theſe general rules the third and fourth tables 


have been conſtructed, the lengths of the counterforts 
m the tenth column, are the fourth part of the total 
height; though they are never carried higher than the 
@ cordon : But it muſt be obſerved, that the numbers in 
che firſt column, expreſs the heights, from the founda- 
tions to the cordon B only; becauſe the height BF, 
of the upright part, is always 4 feet in all walls what 
ſoever that have parapets. | 


To ſhew by a few examples how the preceding ge- 


= neral rules are applied; we ſhall ſuppoſe the height 
Ez of a ftone wall to be 30 feet, and the baſe AE 
one fifth of that height: then adding 4 feet to 30 we 
get 34 feet for the total height E; and the thickneſs 
found in the ſecond column of the firſt table, anſwer- 
ing to 34 feet, being 4 feet 3 inches; to which adding 


9.6 inches by the firſt rule, gives 5 feet and .6 of an 


inch, for the thickneſs required. Mr, Vauban makes 
as this thickneſs g feet; fo that ours does not exceed his 


but by half an inch nearly. 
If a ſtone wall is 24 feet high, and the baſe of the 


7 lope one ſixth; then 4 feet added to 24 gives 28 feet; 


W bur likewiſe when they are built with brick, and their 


and the thickneſs anſwering to this height in the fourth 
column of the firſt table is 3 feet 6 inches; by adding 
8 inches according to the ſecond rule; then the ſum 


: 4 feet 2 inches will be the thickneſs at B C required. 


Thus we have given tables not for ſtone walls only, 


con- 
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conſtructions are deduced from the moſt ſimple prin- 


| riples, and at the ſame time the moſt general that 


could have been thought of, and thoſe general rules 
we have given for the different angles the ſlope of 
earth makes, are of excellent uſe in practice; for it is 
eaſily perceived, that when the ſoil is of a ſtrong nature, 
ſuch as loam or clay, a great deal of maſonry may be 
ſaved, and when the ſoil is ſandy, how to proceed with 
r r and ſafety, which cannot be done without them, 

or Y gueſs only. 


PROBLEM V. 


To find the thickneſs above, of a ſtone wall which 
ſupports a parapet of earth above it, according 
to tbe fourth profil, Fig. 4. 1 
We ſhall, for conveniency ſake, ſuppoſe the ſlope I 
CG of earth to. be parallel to DH, that which the 


earth forms; though this is not always the caſe in 
practice, yet the difference ariſing from thence is in- 


conſiderable. 7 


Lt the vertical line DC produced, meet the hori- 
zontal one GH in F; if DC a, DF =6, and the 
reſt as before: then if from the momentum of the 
triangle DF H, which has been found in Cor. 2. after 
the hrſt problem to be %s, we ſubtract the mo- 
mentum of the triangle CE G, we ſhall have the mo- 
mentum of the earth. 

Now as CF = + — a; the preſſure of that triangle 


will be 2X 5 5X , by Cor. 1. after the firſt pro- 


blem; and fince the diſtance of the line of direction 
drawn from the center of gravity of this triangle per- 
pendicular to DF, from the point fix A, is D 4 


2 CE, or _ =; andthe ſroduct of this diſtance mul 


_ tiplied by the weight, gives 2, 15x 2 Þ'— -42a0b+@ 
for the momentum. of that triangle; which therefore 


being ſubtracted from Tack 5 03, gives $5 X3 ab b—4'. 
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ect. 1. FORTIFICATION. 17 
= Now becauſe the momentums of the wall and coun- 
Sr fort are the ſame here as in the third problem, if we 
vide the momentum of earth by D a, and multiply 
Wy 2 64, we get 768 55x 3 bb —aa, which being 
bſtituted inſtead of the firſt term under the radical 
en in the equation of that problem we get 72 x + 
222 4 4.5 4 2 76855 X3bb—aa—bog;aa + 
28a, for the equation which determines the 
oknovn quantity x in this caſe. 

When FC becomes So, that is when there is no 
arapet of earth above the wall; then will a = b, and 
ee laſt equation becomes the ſame as that in the third 
Problem. | 
lt the baſe AE of the ſlope is one fifth of the height 
B; and the angle CDH 45 degrees; then will 
= 2 and g =.5: and the equation above becomes 
=: ＋18.9 4 2 0 1152 550— 375.03 4 a, in this caſe; 
Nut if the baſe A E be one ſixth of the height BE, and 
ee angle CDH, the ſame as before, we get 72 » + 
6. 112 — 396.75 44. 

Buy means ot theſe two laſt equations, the fifth and 
Wxch tables have been conſtructed, which contain the 
Watio's between the height of walls and their thickneſs 
Wbove : they ſhall be explained by a few examples, 
Let the height of a ſtone wall be to N of the earth 
Wbove it as 3 to 25 then becauſe 3:2::4:3a8= 
F, ve get a +342 =44a=90; Shoſe ſquare being 
oltiplied by 1152 gives 3200: from which ſub- 
acting 375.03, and extracting the ſquare root of the 
ifference, we get 53.144, from which ſubtracting 
8.9 and dividing by 72, gives x = .476 4 nearly, in 
2 Whe firſt caſe. 

ö But if we ſubtract 396.75 from 3200, and extract 
he {quare root of the difference, we ſhall have 52.945; 
om which 16.5 being ſubtracted, and the difference 


F Divided by 72, gives x 09 a nearly, in the ſecond 


C | If 


If the height of the wall is to that of the earth above 
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it, as 4 to 35 then will 5 = 4 a this value being ſub. 


ſtituted into 1152 66, gives 3528, from which taking 


375.64, and extracting the ſquare root of the remain. 
der, we get 56.145; if we take 18.9 from this and 


divide the remainder by 72, we ſhall have x = .517 « | 


nearly, in the firſt caſe, 


But if we ſubtract 396.75 from 3328 and extraQ 3 
the ſquare root of the difference, we get 55.975; from 


this ſubtracting 16.5 and dividing by 72, we ſhall 


have x = .548 à nearly, in the ſecond cafe. 


If the walls are built of brick, then by what ha il 
been faid at the end of the ſecond problem, we have 
no more to do than to increafe the firſt term under the 


radical ſign, in the ratio of 4 to 5; then the general i 


equation above, becomes that for brick walls, Whence, 
if the baſe AE of the ſlope is one fifth of the height 
BE, and the angle CPH, 45 degrees; then will 


» =.2,5$=.5; and 72 x +18.9@a = V 1440 bb— 1 
471.63 ag, will be the equation in this caſe: and if 
that baſe be one ſixth of the height BE, and the angle 
CDH, the ſame as before, we have = , 5 


and therefore 72 x + 16.5 a = 1440bb—492.7540 4 


will be the equation. 


Let the height of the wall be to that of the earth 
above it as 5 to 2; then will 5 = a, whoſe ſquare 


. multiplied by 1440 gives 2822.4, from which ſub - 


tracting 471.63, and the ſquare root being extracted, 


der divided by 72 gives x = .411 &@ nearly, in the firk 
caſe. 

But if we ſubtract 492.75 from 2822.4 and extra 
the ſquare root of the difference, we get 48.266, and 
16.5 being taken from it, the difference divided by 72 
gives x 441 4 nearly, in the ſecond caſe, 
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an FORTIFICATION. 


b. ZExplanation of the following TABLES. 
8 ; | T he fifth and fixth; contain the ratio's between the 
* Weights of ſtone walls and their thickneſs above, when 


| ; there is 4 parapet of eatth above them; the baſe of the 


oY ope being one fifth and one fixth of the height of the 
a and the ſlope of earth makes an angle of 45 de- 
eees; the ratio's between the height of the Lan to 


fat of the earth above it, are marked in the firſt 
Wocizontal line and column: the length of the coun- 
i Werforts being one fourth cf the walls height, and their 
we nickneſs is to the interval between them, as unity to 
te chat is the ſame as before: The ſeventh and eighth 
rl ables contain the ſame ratio's when the walls are of 
ric 
A W Their uſes are as follows; when the height of the 
55 all is given, as well as that of the earth above i it, re- 
uce the ratio to its loweſt term; look in the firſt 
'— Mcolumn for the antecedent; which is always ſup- 
I if poſed to expreſs the height of the wall, and for the 
gle conſequent in the firſt horizontal line, then the num- 
Peer oppofite to the firſt; and under the ſecond, ex- 
44 preſſes the ratio between the height of the wall to its 
ickpeſs above. This number bEing multiplied by 
arth the height of the wall, and the three laſt figures taken 
are fas decimals; gives the thickneſs required. 
ſub : Example, Let the height of a ſtone wall, whoſe 
ted, : ſlope is one fifth, be 20 feet, and that of the earth 
ain above it 12: then becauſe 20 is to 12 as 5 is to 33 
firſt look in the firſt column of che lifth table for 5, and 
Win the horizontal line for 3: then the number 442 
tradoppofite to the firſt, and under the ſecond, being mul- 
and f tiplied by 20, the height of the wall, gives 8.34 or 8 
7 728 feet 10 inches nearly for its thickneſs above. 
lf the height of a ſtone wall, whoſe ſlope is one fifch, 
be 13 feet, and that of the earch above it 6: then in 
„che ſame table, the number 371 oppoſite to 13 and 
at 
under 6, multiplied by 13, the height of the wall, 
C2 gives 


— — 


4 an are oppolite to ſuch ratio!'s-as have been deter. 


feet 3 inches nearly. 
neſs. of the walls 2 the foundation; becauſe they 


may be found by adding * baſe of che dope y 98 
thic neſs above 2 


leſs to repeat, them. Thus the ratio of 2 and 2, of; 
and g, of 6 and 6, &c. is the fame as that of unity to 


| cavle- the diſtances of the lines drawn through the cen- 
ters of gravity, of the rectangle DF, and of the tri. 


mentum of the counterforts, which being "added to that : 


the root of t the common, denominator tor 8 X 64. Me get ; 
| 7 2 
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above. 1 1 
But if the fiope is one G&th „Jock into the K E 7 
table,.oppoſte/40 1g and under b, and you will 5nd 


403, which being multi lied by 13, gives g. 239 0r 5 I 
ig We have note AGE the thick. Wl 


B. Thoſe gun ben are == NS a point 1 


mined before, and therefore it would have been heed. 


unity ; and it is the ſame in Telpert to all other a= 1 


ratio's. | 
PROBLEM Vi 2 


2 0. find the tes above BC M a ⁊vall when the 
counter forts have @flope'as'F G. Fig. 5. 


Draw FL. perpendicular to the baſe AG; then if, 
for conyeniency Fake we ſuppoſe CF ta be one eighth, 
and the baſe DG three eighths of the height DC; the 
area of the rectangle DC, will be + aa. "that of the] 
triangle LGF, will alſo be one eighth of aa; and be- 


angle FL. G, perpendicular to the baſe DG, from the 
point fix A, are AD ＋ 2 DI., ALT Ee: that 
is, & K LIEGT Ta and therefore their il 
ſu m, multiplied by! 4a, and the product reduced in the 
ratio of 4 to unity, as has been ſhewn in the third pro- 
blem, gives m +3344) + 43447, for the mo- 


of the wall found in the ſecond problem, and the ſum Wi 
made equal to that of the earth; after having multiplied 
by + a, and the ſecond fide reduced under the ſame de- 
nomination, and the root of the firſt multiplied. by 


vl 
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; | and that of the Earth above tent. 
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23772244 4.5 2 15367 — 57.57 1728 un, 


? for the equation required, which differs from that 


ond in the third problem, by the term 67.5, Which 


WEthere is 60.7. 


Hence, if »=.2, and 55=.5; theſe values multipli- 
ed by their coefficients, gives 769.62, for the ſum of 


te terms under the radical ſign, whoſe ſquare' root is 
27.742, from which ſubtracting the ſum 18.9 of the 


wo known terms, and the difference divided by 72, 


gives x =:1228 4, which is leſs than that found in 
the third problem; but not ſo much as is worth 
Waking notice of: ſince in a wall of 30 feet high, the 
difference is only 7 of an inch: conſequently either 


of theſe counterforts may be uſed according to the 

= builder's fancy. | | 
Sometimes counterforts may be made with ſteps, 
= which may be done by making them ſo as that the 
= baſe and the area be the ſame, without changing its 


= momentum. 


Fig. 6. Sometimes the ſection of walls are made pa- 


rallelograms without any counterforts, eſpecially when 
= they are low; ſuch as ABCD: To find their thickneſs 


ap or BC; draw the diagonal AE, and through the 
middle L, and the point C, the lines LK, CE per- 
pendicular to the baſe A D produced; and let AD gx, 


DE = 24, and CE a; then will @ x expreſs the 
A arca of the parallelogram DB; and ſince the point L 


= the center of gravity of the parallelogram, AK will 


be the diſtance of the line of direction from the point 
A; but becauſe AL is half of AC, the diftance AK, 
vil bez 414, half the diſtance AE. Therefore 
'\ the area a x multiplied by the diſtance AK, gives 

ann aan x, for its momentum, and ſo equal 


7 to a that of the earth by the firſt problem; 


-1 = which being divided by = 4, and 2 u ua a, added to 


both ſides, the firſt will be a perfect ſquare whoſe 
= root is 18 x +gua=aV g655 +8133, after having 
8 cauced the ſecond fide under the ſame denomination, 
=: C 3 and 
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and multiplied the root of the firſt by the root of the 
denominator 324, of the ſecond, | 

If the firlt term 96 5s under the radical ſign be in- 
creaſed in the ratio of 4 to 5, we ſhall have 18 x 4 


9na=a4/1205s+81 27 in walls built with brick. 
Hence if n =.2, and 55 =.5 we ſhall get x . 314 

nearly in ſtone walls, and x = . 355 4, in brick walls. 
Hence it may be caſily known whether theſe kinds 

of walls require more 3 than thoſe in the firſt 


figure without counter forts: for we have found in the 


ſecond problem, when » and ss expreſſed the ſame a 
values as here, that x = . 2018 4, and therefore the 


area of that profil, will come out to be, 3018 4a; and 


the area of the parallelogram DB, is. 31 44: there- 
fore the difference .0082 @ a, ſhews that this laſt figure 
requires more than the former; tho! not much in low i 
Before we conclude this ſection, we ſhall add one 
general problem more, in order to ſhew that it would 
have been eaſy to reduce almoſt every thing into a few 
problems, were it not neceſſary to manage the learner's 
capacity, and to lead him gradually from the moſt 
ſimple and ealy truths, to others more complex. 3 


PROBLEM YI, 


Let the profil of a ſtone wall be a parallelogram a: 
D B, and the counterforts à trapegium D CFH, 
whoſe outward ſlope FH being equal to CD that 
of the wall, to find the thickneſs of the wall when i 
there is a-parapet of earth above it. Fig. 7. | 


If, for conveniency ſake, CF be one tenth of the 
height CE; and the reſt the ſame as before; then 
Will DH=2na + { 4; which being added to 
CF, 75 4, and the ſum multiplied by half the height 
CE, gives naa + 4 a for the area of the trapezium, 


which being multiplied by AD + 4 DH, that is x + | 


T 


a 6 i 
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1. = ; + a, and the product reduced in the ratio of 4 

9 ; : . naasx F | 3 3 , 
o unity, gives + 4as8þ+ 1nd Tren + 

1 WW: for its momentum ; which being added to r axx 

1 + £144 that of the wall found above, and the ſum 

: þ ade equal to f 55 X 3454 that of earth, found 

Sn the fifch problem; the whole being divided by + a, 
ds nd enn - v #44— y3% 44, added to both 
rt des, the firſt will be a perfect ſquare, and the ſecond, 

eeing reduced under the fame denomination, gives 
ne 6 + 2724 + g9a=Vigzisx3bb—aa+ 
he er 4 - 48.61 4 — 2.43 4 0, after having mul- 
nd tiplied the firſt fide by 36 the root of the common de- 

'c- nominator 1296 of the ſecond. 

re When the wall is made of brick, there need no 

more than to increaſe the coefficient 192, of the firſt 

erm under the radical ſign, in the ratio of 4 to 5, 

Zwhick gives 240 for that coefficient in this caſe; the 

other terms will remain the ſame as before. | 

When there is no parapet of earth above the wall, 

then will „ = a; and the firſt term under the radical 
| ſgn becomes 3845 5 4 4, and the reſt will remain as 
before. * 

When =. 2, ands5=.5; then will 36 * + 6.3 a= 
288 55 — 104.91 48, in ſtone walls: but if » = 2, 
= andis s = 5; then will 36 * + 5.4 2 = 288 bb — 

1, 8 98-97 20: 3 

i: And if Saz; that is, if there is no parapet of earth 

above the wall, we ſhall have x = .202 a, in the farſt 

= caſe, and x = .232 4, in the ſecond. But if the 
height of the wall is to that of the earth above it, 

Jas 4 to 3, then will 5 = + a; the ſquare of which 

being ſubſtituted into the two equations, gives 882 2 2, 

for the firſt term under the radical ſign, and the ſquare 


1, 


0 
- =E root being extracted, we ſhall find that x» = .6 4 
„nearly, in the firſt caſe, and x = .627 a, in the ſecond, 


C4 | Hence 
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Hence it is very eaſy to compare the quantity of 
maſonry, contained in walls, whole profil is a paralle- 
logram as in this figure, and the counterforts a tra. 
pezium; and thoſe whoſe profil is a trapezium, and 
the counterforts rectangles, as in the ſecond profil : tor 
the area of the profil in the ſecond figure, with that of 
the counterfort reduced, is found to be. 287 4 à4, when 
un , and 299 a a, 281 

And the area of the profil and counterfort, according 
to the ſeventh figure, is found to be .277 à @ when 
a=%; and .298 aa, when y =5$. _. 

Therefore the profil in the form of a parallelogram, 
requires leſs maſonry than that whoſe figure is a tra- 
pezium; and the difference is greater when n = = 
than when = +; but when z is one ſeventh or eighth, 
the trapezium figure has the advantage, as will be 
found by. computation. 

Thus we have ſhewn how to find the thickneſs of 
walls, ſuch as ſhall reſiſt the preſſure of the earth, of 
all the different profils, that may be uſed; and it will 
caſily appear, that our method is both more general, 
and much caſier than that given by other authors; the 
many. general rules given here betore, and their ealy 
application to practice, are convincing proots of it; 
beſides no author has attempted before to give tables 
for ramparts with demi-revetements ; though they are 
much more uſeful than any other, on account thai 
the moſt experienced engineers ſcarcely build any 
others now-a-days, and that for very good reaſons; be- 
caute it ſaves great expences; beſides they are not ſo 
eaſily deſtroyed by battering pieces, and when a breach 
is made, are ſoon repaired, 

It may perhaps be ſaid, that we have reduced the 
counterforts to certain figures which are ealily com- 
puted, and therefore our ſolutions are not ſo general 
as is pretended: But the reader will be pleaſed to con- 
ſider that the length given here agrees very nearly with 
that given by Mr. Vauban, and the rectangular form 
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bas been ſhewn to be more advantageous than that of 
a trapezium ;/ beſides it is generally uſed here: As to 


# thoſe whole profil is a trapezium, ſuch as in the fifth 
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| 0 and ſixth figures, regard has been had to ſuch dimen- 
* lions as are moſt uſeful in practice, and ſuch as are 


bo a due proportion in reſpect to the walls which they 
e to ſtrengthen. 


8 EC T. I. 7 2 
The Turory of ARCHES. 


N fortreſſes it is abſolutely neceſſary to build vaults 
and arches, ſuch as over gate- ways, under-ground 
paſſages,” from the body of the place to the ditch, 
powder-magazines, cazemats and lodgings for the 
ſick anduwounded, and for thoſe which are not on 
duty, to reſtain with ſafety. 
It is of no little importance, in the building of a2 
fortreſs, to know exactly, and. with certainty, what 
thickneſs piers that ſupport arches of various magni- 
tudes, require in different circumſtances, ſo as to make 
the work durable, and to uſe no more materials than it 
requires. The making powder-magazines, ſo as to re- 


fiſt the ſhells thrown upon them in a ſiege, requires 
the utmoſt ſkill of an engineer, and has not hitherto 


been rightly determined by any body I know of. The 
engineers generally follow the dimenſions of thole con- 


ſtructed by Mr. Vauban, which indeed have ſo well 


ſucceeded, that it ſeems to be unneceſſary to attempt 
any other rules to go by; were it not required, in 
many caſcs, to make arches of different width, figure, 
higher and lower; and therefore, it will be proper to 
lay down general rules, which ſhall ang all theſe 


various circumſtances. 


It is one of the moſt difficult problems in mec bares 


to find the momentum or force witch which different 


kinds of arches act againſt the piers that ſupport them; 
and 
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and though many great mathematicians have endea- 
voured to ſolve it, eſpecially the gentlemen of the Royal 
Academy of Sciences at Paris, and Mr. Belidor in his 
book called La ſcience des Ingenieurs; yet, if I am not 
miſtaken, 1iicither of them has ſucceeded ; for whoever 
reads their performances will be more convinced of the 
difficulties that attend it, than of the truth of their ſolu- 
tions; and it is eaſily perceived that ſome of them are 
miſtaken, and have perplexed themſelves with tedious 
algebraic expreſſions, which when applied to eaſy prac- 
tical caſes are impoſſible, which ſhews that their com- 
putations are built upon erroneous principles. 

It is true, Mr. Belidor has better ſucceeded in his 
principles than many others; yet his applications are 
not free from objections; as will appear hereafter, and 
which is the reaſon that the thickneſs of the piers 
he aſſigns, are fo much leſs than they ſhould be, 

It ſeems to be a difficult matter to determine this 
problem exactly, on account of the ſuppoſitions which 
are neceſſanily to be made in regard to the cement that 
is uſed in the joints, in order to keep the arch- ſtones 


r. 

Thoſe who go upon the refined ſuppoſition: that the 
joints are quite ſmooth and poliſhed, without any mor- 
tar, are greatly miſtaken; for beſides that no ſuch 
thing ſubliſts in practice, their ſolutions, when applied 
to practical examples, give nothing but impoſſibilities, 
as any one may be convinced who reads them with 
attention. 

In the enſuing work, we ſhall ſuppoſe, with Mr. Be- 
&dor, that the arch-ſtones are laid in mortar, aud ſo ce- 
mented together as to prevent their ſliding; upon one 
another; but not ſo hard as to compole as it were one 
ſolid tone, becauſe this would be a plain contradiftion, 
ſince it could not act upon the piers in an ablique 
manner; but the mortar being of ſuch a conſiſtence 
only, that if the piers were nat ſufficiently ſtrong, the 


arch would break in the weakeſt part, and thereby) 


overturn the piers. This ſuppaſitien is the „ 
| that 
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chat can be made, and has been found true in practice; 
for ſeveral arches haye fallen down, for want of ſuffi 
cient ſtrength in the piers to reſiſt their preſſure; be- 
ſides mortar requires ſome time to harden, which be- 
ing once effected, no accidents happen after wards. 


PROBLEM I. 


To find the prefſure of an arch againſt the piers 
that ſupport it. Plate II. Figure I, 


Let AE FG be the ſection of half the arch, ABCD 
that of the pier which ſupports it; the point C taken 
near the foundation, may be conſidered as fixed, and 
abqut which the pier muſt turn to be overſet; MN, 
one of the arch - ſtones; O the center where all the 
Joints meet when produced; and laſtly, let AS be the 
line which terminates the ſpring of the arch. 

* From the center of gravity X of the ſtone MN, 

draw the vertical X T, and the perpendicular XQ to 
the joint OM; and from hy point 2 in XT, draw 
ab perpendicular to X Q. and 56 d to XT: then 

the weight of the ſtone MN is to its effect in the di- 

rection K, as à X is to h X, and to that in the direc- 

tion a b, as 4 X is to ab: as this laſt effect is deſtroyed 
by the friction of the ſtones together with the mortar, 
the firſt } X is only to be conſidered. But the force 

X is equivalent to the forces 5 d, d X, the firſt per- 

pendicular, and the ſecond paralle, to the direction 

CV in which the pier reſiſts, by art. 445 of our elem. 

and as this laſt is deſtroyed by the contrary action of 

the other half arch, the firſt þ d is only to be conſi- 
ered. 

f If from the point fixed C, the line CQ be drawn 
perpendicular to the direction X Q, and X Q inter- 
ſects CV in R; then as the angles CRQ, þ X 4d, 

gre equal, the right angled triangles CRQ, 4X 4, 


arc 
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are ſimilar; therefore CR: CQ: : 5 X: 3 d, or 
CRxbdd=CQxXbRX. | - pie 
Since then the momentum (art. 422) CQ x bx 
of the force 5 X is equal to the product of the force 
þ d,. multiplied by the diſtance CR, and what has been 
proved of one arch-ſtone, is equally true of any other, 
by the property of the center of gravity (art. 422) 
the momentum of half the arch againſt the pier, is 
equal to the product of its weight applied to its cen- 
ter of gravity, multiphed by the reſpective diſtance 
CR, from the point C to its direction XR. | 
If, therefore, the point L be the center of gravity 
of AEFG half the arch, and LI, drawn perpen- 
dicular to OM, interfects OD in H and meets CV 
in I; the product of the ſum of all the weights in 
the direction d, multiplied by the diſtance CI, will 
expreſs the toral momentum of the preſſure of the arch 
againſt the pier, | 


CIR, 


Hence if LK be perpendicular to AO, and s de- 
notes the fine of the angle LOK, v its coſine, the | 
radius being unity, and if » expreſſes the weight of 
half the arch; the right angled fimilar triangles 
EEREASE IT: ind 
i:5::4X:6d=r5sn: this value of 3 d, being 
wrote into CR x 5 d, and CI for CR, gives 7s 2 x 
CI for the raomentum of the preſſure againſt the 

er; and if W expreſſes the weight of the pier, we 
ra Nelas hex W, in a ſtate af reſt: 
py art. 427. | 


COX: U. 


When the arch is ſemi-circular, then r =s = ., 
and when it is elliptical or an arc of a circle, the 
height OE is feldom leſs than the two thirds of half 
the width AS; and in this caſe 5 is tor as 2 to 3, 


and the radius V4 þg = #13; whence r 5 = £;, = 
* 


— 
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; which differs ſo little from that in a ſemi- 
Circle; by ſuppoſing r 5 = , the difference will ſcarce- 
iy be ſenſible in practice: and if expreſſes half the 
area AE FG; the equation in the laſt corollary be- 
comes 2 Xx CIS BC x W. 


COR. III. 


If the friction of the ſtones be conſidered, let ex- 


£ preſs the weight which would juſt move a ſtone lying 
upon another placed horizontally : then becauſe that 
weight or force is to its effect in any other direction 


OM, as the radius is to the fine 5s of the angle 


LOK (art. 499,) that is, s q will expreſs that effect; 


and the radius is to the coſine yr as the effect in the di- 


rection OM is to 7 59, the effect in the horizontal di- 


rection þ d, which being ſubtracted from the force 


rn in that direction found above, gives r 5 X # — q 
Xx CIS BC x W : or becauſe it has been found 
| by experiment, that a force equal to one third of 


| the weight, will move a body in a horizontal direction 
upon a ſmooth plane; the force q will therefore 
at leaſt be equal to one. third*of the weight : hence 


Ir CIS HBC Xx W, or whenrs ==, and x 


23 


| expreſſes one third of the area AEFG, we get 2 1 X 
| CI =BC x W, as before. 


RE MARK TI. 


As the ſurfaces of the arch - ſtones are generally very 


| rough, and beſides the mortar renders them leſs liable 


to ſlide upon one another than they would do without 


it, the momentum we have here given, is more than 


what ariſes barely from the weights of the arch ſtones; 
and even more than when the weight z is diminiſhed 


| by one third, on account of the friction, as in the laſt 


| corollary z but as arches under ground ſupport a weight 


of earth beſides their own, and thoſe above ground 
ought 


5 


— — — — 
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ought to reſiſt the force of ſhells, we ſhall not diminiſh 
that momentum hereafter in our computation ; leavin 


think it neceflary ; ; Which they may do; by ſuppoſing 


# to expreſs any part of the area AEFG; in the 5 


followite equations. 
REMARK II. 

As the angle AOL increaſes, fo the perpendicular 
QC or the momentum of the arch increaſes, till that 
angle becomes a tight one; then CQ becomes equal 

to the line CV, ternünated by the horizontal line, 
paſſing through the middle of the upper joint EF; 
and therefore CY is the greateſt diſtance C CQ of all 
the C Q's ; and when X © paſſes through the point 
fix C; then CQ becomes nothing; and when the 
direction X Q paſſes between the points B, C, it be- 
comes negative, and the greateſt when equal to DG 
+ + AG; ; and the part of the arch from the point 
whete CQ = o to the ſpring AD, inſtead of acting 
acainft the pier, adds firength to it; but as the above 
property of the center of gravity is general, whether 
a part is negative or not, we have no occaſion to con- 
fider the negative part ſeparately. 


PROBLEM II. 
To find the thickneſs of the piers BC, when the arch 


is terminated by two concentric circles deſcribed 
from center O placed in the line AS, which paſſe 
through the ſprmg of the arch. 


Let the radius OA of the interior circle be a, that 
OG of the exterior , the height of the pier AB=c, its 
thickneſs ſought BC = , and the perpendicular LK 
n; then as the right angled triangles OHL, HD], 
are iſoſceles, we have OH=2m DH or DI =@a + 


2Z—2#,andCl=i—a—z+2%, or if g 2 


4 
to the engineers to make it lels whenever they ſhall . l 
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a „cls g- 2 andas W=ez; theſe values wrote 
Winco 2 1X CI = BC x W. found in Cor. 2, give 
j W 2 ng— 2H2=c22, or c22+ 2 #£=2 1g, whoſe ſquare 
dot is cz +#2=2cng +20. | 
0 By means of this equation the thickneſs of the 
pier may be found; but before it can be applied, the 
values of u and m muſt be determined. Let therefore 
: mit be to r as the diameter to its circumference; 
then rr, rr, will expreſs the areas of the quad- 
at WT rants by art. 175; and 4 t rag. The ſemi- 
al WF ſpheres deſcribed by theſe quadrants about the axis 
©, OA, are (art. 216) 314, 37 #, and their difference will 
be the ſolid deſcribed by the area of the arch about 
i! WF the ſame axis, which ſolid is alſo equal to the product 
it aof the generating plane , and the circumference 2 1 m, 
ic WW deſcribed by the center of gravity L (art. 425). Hence 
- WW aram=376' —3704, of zum gb -a, when reduced; 
and this equation 1 divided by 44% r br 44, gives 


It AL b b 
- COON ONES 


a EXAMPLE. 
Let a = 12, b=c = 15, then becauſe t=3. 14159, 
OT i1rXbÞb—aa ='63.6r71 or 


1 31.808, 


„ and hence m = 8.629, 


/ e en which gives 2 cg + # = 
639.548, this multiplied by 31.8082, gives 20343. 
0662358 for the ſum of the terms under the radical 
ſign, whoſe ſquare root is 142.629, from. which 
ſubtracting the known term 31.808, and dividing the 
t difference by the coefficient (c) 155 gives: 2 = 7.388, or 
Zo equal to 7 feet and 4 inches. 
. If we take 21.2056, one third of the value u, on 
» IM account of friction, then 2 © 2g +n=— 628.9456, which 
- BF multiplied by 21.2056, gives 13337. 1688 15 for the 
4 ſum of the terms under the radical go, whoſe ſquare 
6 root 


root is 115. 866; from which ſubtracting the known Ml 
term 21. 2056, and dividing the difference by the 
coefficient 13, gives 2 = 6.285, or BC equal to 6 feet 
3 inches, NR 


PROBLEM III. 


To ind the thickneſs BC of the prers, when the 
outfide G F is a right line perpendicular to the Mn 
radius OM which biſecls the quadrant O AE, 
Fig. 2. 3 


It is evident that the triangles OLH, HDI, are the Nie 
ſame here as in the firſt figure, and therefore this 
problem differs from the former only in the values 
of n and m: whence if OM = 6, and the reſt as be. 
fore; then becauſe the right angled triangle G OF 
is iſoſceles, we have GF =2 b, and ſo 5 þ expreſſes 
the area of that triangle, and as & 7 a @ expreſſes the 
quadrant OAE, we have x» =b rad. 


Becauſe OF=3bV 2, the cone deſcribed by the 
triangle OFG, about the axis OF, will be expreſſed 
by zr V, and the ſemiſphere being + r , by the 
laſt problem; and ſince unity is to 2 7, as the radius 
EKL or OK (n) is to the circumference 2 1 m de- 
ſcribed by the center of gravity L in the rotation, we 
have 3 nm = bV 2 — , by what has been ſaid be- 
fore, after multiplying by 3 and dividing by >» vr: con- 
ſequentlyg=c + 2 m—68, ande z T 2cgn+in 
as before, | | 


EXAMPLE. 


Let a= 12.5, 5 = 15.5, c=15; then will 1 = 
117.5387, m 9.3988, g = 21.2976, and if we take 
58.7694, half the value of u, we get 2 cg + n = 
697.6974, which © multiplied by 38 7694 gives 
41003. 257579, for the ſum of the terms 2 85 a 
a . radica 


— 
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radical ſign, whoſe ſquare root is 202. 492, from which 
Waking the known term 58. 769, and dividing the dif- 
Werence by the coefficient 15, gives 2 = 9- 58, or BC 
equal to 9 feet 7 inches, 
gut if we take 39. 1796, one third only, on account 
Wof the friction, we then get 2cg + = 678. 1076; 
this multiplied by 39.1796 gives 26567.984525 for 
the ſum of the terms under the radical ſign, whoſe 
Wquare root is 162.996; from which taking the 
' {known term 39.179, and dividing the difference by 
the coefficient 15, gives z = 8.254, or BC equal to 8 
feet 3 inches, 


n — 7 —— 


REMARK. 


= All arches require a certain thickneſs at the hances 
WM to ſupport their own weight, and in powder maga- 
ines, to reſiſt the ſhock of ſheIt>belides ; but how ta 
determine it exactly, is not eafily done. It is true, 
chat Mr. Vauban makes it 3 feet in an arch of 25 
feet wide; and as his E magazines have been 
rs ſtrong enough by all accounts, there is no 
reaſon to doubt, but that this thickneſs is ſufficient 
5 for arches of that width: and if we conſider, that the 
force which a timber ſcantling ſupports is as the ſquare 
ok its height divided by the leaver of the force ap- 
8 plied, as will be ſhewn in the next ſection, prob. I.; 
then, as the height of the ſcantling is repreſented here 
by the thickneſs of the arch, and the leaver by the 
radius of the arch, the radius 145.5 feet is to any other 
radius as the ſquare 9 of the thicknels 3 is to the 
ſquare of the thickneſs ſought, Hence this rule; 
8 Multiply the radius of any arch by q, and divide the pra- 
aan by 12.5; then the ſquare root of the quotient will be 
the thickneſs of that arch. 


F 
5 
8 


„ Part . 
PROBLEM IV. 


To find the thickneſs BC of the piers when the inſide . 
is a right line parallel to the outfide. . 


The ſame thing being ſuppoſed as in the laſt, we [Ml = 
ſhall have » 2 33 — aa, 3znum=# —a"xv2oItc. 
'* + bb | 
Vz a+b 3 
V 2cgn +23 = ( 


\g=c+2m—s, and 2 42 


EXAMPLE. - 


Leta = 12.5, b = 15, c =15; then 2 84, 4 + 
111 ONE by 
IJ = 25-08, or w = 9-937, f 22+ 374, and 


2cg +# = 713.22; which multiplied by 42, half the 
value of 1, gives 29955.24, for the ſum of the terms 
under the radical ſign, whoſe ſquare root is 173.075 ; 
from which ſubtracting the known term 42, and 
dividing the difference by 15, gives z =.8.738, or 
BC = » feet 8.8 inches. This is leſs by about a foot 
than in the laſt example: the reaſon is, that » = 117 
is there, whereas it is but 84; therefore the pier has 
here leſs weight to ſupport than there. 


„ 0 oo 


b RN V. - 
To find the thickneſs B C of the piers when the arch 


3s terminated by two circular ares, deſcribed 

From the ſame center O, below the line A8, 

- paſſes through the ſpring of the arch, 
ig. 3. ; | 


Let the chord AE be drawn ; the radius AO pro- 
duced. ſo as to meet the are G F in R, and 5 
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= OD parallel to PA, 1 1 I in D, and inter- 
ſecting the direction LI in H; then, if OA a, 
ou g, AP =p, PE =4 AE b, and the 
arc AE=v. 

This being ſuppoſed, we ſhall have £ 4 v for the 


3 area of the ſector O AE; and as the ſectors O AE, 
IX ORE; are ſimilar, they are as the ſquares of the ra- 


dii; therefore a 4a: 61:4 avi na to the ſector 


Z ORE; and 2a ND — 44. 

No, becauſe the ſolids deſcribed by theſe ſectors in 
the rotation of the figure about a line paſſing through 

the center O perpendicular to the radius OM, are the 

= two thirds of the cylinders of the ſame baſes, and whoſe 
altitudes are the chords of theſe arcs, by art. 217 of 

our Elem. Math. the baſes being r a 8, r 4 , and the 


| altitudes þ, a4 theſe ſolids are 2 ra a b, 7 =b b', and 


if OLS m, then will 3amn NU. 
The right-angled triangles OLH, HDI, are ſimi- 
lar to the triangle APE; ; and therefore PE (4): AE 


(v): : OL (m) : OH =—, and fo DH = =?+t 


| — Er ve we have likewiſe A P p):PE(d)::DH:; 


pia. Now becauſe 1 by 


| 7 0 
ſubtracting the ſum of DI and OP = a—4 from 


the height of the pier c, we ſhall have Cl = c —@ + 
2 or if c 242 it will be C1 = 
OS, APE bo Ke — 
798 ? 


dz 2ndz 
8—=— 3. and conſequently 22 n — 2 


g by cor. after Prob. I. and if dn = p q, the ſquare root 


of this equation will be ez +q=vV2 1 | 
D 2 ene, 


7 | 
CEO 


- 
1 
12 7 4 i Fl 
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Hence, if the height PE of the arch be the two 
thirds of A P, that is, if d p, the right-angled 
triangle APE gives þ =4pV 13, and the right- 
angled triangle APO gives 12 4 =-13p; becauſe 


PO=a—6&4, hows” ro we get PO r 4, 4 2 15. 


and g =c An V13—8. But AO (a) is to PO 
(Fr a) as the radius 100000 is to 38461, the coſine of 
the angle AOP; and therefore this angle is 67 degrees 
and 23 minutes nearly, or 67 33 degrees. Now be- 
cauſe ra expreſſes half the circumference of the ra- 
dius a, we have 180 degrees to 67 28 degrees as 74 


4043 


EXAMPLE. 


Let AP = 2 12, e 13, then will 6-= 13, 
þ = 16; hence 5 = 14.422, v = 145.2887, # = 
51.1383, m = 13.727, q = 17.0527, £ 18.4975 
and 2c: 9 = 14194-5095, qq = 290.9753: there- 
fore 14485.4848 is the ſum of the terms under the 
radical ſign, whoſe ſquare root is 120.355; from 
which ſubtracting the known term 17-053, and divid- 
ing the difference by the coefficient 15, gives z = 
6.886, or BC equal to 6 feet 10 inches, which is leſs 
than z = 7.388, found in the ſecond problem. 


PROBLEM VI. 


To find the thickneſs BC of the piers when the out- 
fide G F is a right line parallel to the chord AE, 
and the reſt being the ſame as before, Fig. 4. 


Ic is evident that this problem differs from the for- 
mer in the values of m and x only: whence, becauſe 
of the right-angled ſimilar triangles APE, OMP, 

| 0 o we 
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* | we have AP (o) : PE (4) : : 7 OM #): MF =, 


ſe and as MR is equal to MF, we have 25S lore 


„ area of the triangle ORF; and ſince : av expreſſes 
the area of the lecdor OAE by the laſt problem, we 

O have 2pn=2d4bb—oapv. 

Now becauſe the ſolid deſcribed by the triangle 

s WW ORF about an axis paſſing through the center O pa- 

rallel to the chord AE, is the two thirds of the 

cylinder of the ſame baſe and altitude, the baſe being 


ö = and the altitude RF, a this ſolid will be 


8 — 4h; and as the ſolid deſcribed by the ſector O AE, 
in that rotation, is 3raah, we get 3mnp 240 — 
8 2abp, after having multiphed both ſides by 37, and 


: divided by 27, 
% Therefore 2 2 2 — 2 += and ez + q = 


8 V2cng+qgq, by the laſt? "Io STA du pg. If 
the center O be ſuppoſed to coincide with the point P, 

then a, p, and d, are equal, and the equations in the 
two laſt problems will then become the very ſame as 
thoſe in problems the ſecond and third; with this re- 
ſerve, that OL is here called n, and LK in the firſt 
and ſecond figure. 

If PE be again the two thirds of AP, we ſhall find 
the ſame values as in the laſt; that is, d g p, An, 
124 2 13 p, 5247 V 13, g=c+imwvVig—a, 
! 4043 

10800 


FF 


and v = ra. 


EXAMPLE. 


N Let , 133; then 6 13, 1 16, * 
| = 15.288, 1 = 71.294, m = 141393 and if we 
L D 1 take 


take half the value of u, we get g = 23.763, 2cng = 
20312.0182, qq = 564.6802, and 20896.6985' will 
be the ſum of the terms under the radical ſign, whoſe 
ſquare root is 144.487; from which ſubtracting the 
known term 23.763, and diyiding the difference by 
the coefficient 13, gives 3 = $.04, which is leſs than 
== 8.254, found in the third problem. 

N. B. We have neglected the ſmall ſpace AG R in 
the two laſt figures, as being but inconfiderable, and 
would have rendered the operations very tedious, 
Beſides, in practice, a geometrical exactneſs is impol- 
ſible, and not neceſſary; eſpecially when the departing 
from it renders the operations more eaſy and ſimple, 
as it happens here in this caſe, 


PROBLEM VII. 
To find the thickneſs BC of the piers, when the arch 


ws terminated by two:circular arcs deſcribed fron 
the center O, placed in the line AS, which paſſes 
through the ſpring of the arch. Fig. 5. 


It is evident that the values of m and x are here the 
ſame as in the fifth problem, fince we have the ſame 
ſectors and triangles here as in the third figure; there- 
| 5 b 
a+d 
Now becauſe of the ſimilar triangles PEA, OLH, 


we have PE (d): AE (2) :: OL (nm): OH == 


and fo @ + z— = =DH and the fimilar triangles 
APE, DHI, give A P (p): PE (4) :: DH: DI 


d SY 
„ . 


7 7 
þ m 


— - 13D. 
fore 2na=vX bb—aa, and 8. = 4 + 


ka Z | 
; conſequently cz2 = 2 ng — 
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5 . da bm 


LON = 
; or e e then will CI = g — 


2 du 2 


„by corol. 


after the firſt problem; and if 4 n= P g., the ſquare 


root of this equation will be cz + q =v/2cng + 99. 
If OP is one fourth of the radius OA, that is, if 
the radius is the two thirds of the ſpan of the arch, 


then will AP =p =+4@; and the right-angled tri- 


angle OP E gives PE=d=+4avV1s, and the 
right-angled triangle APE gives AE =b = La v6. 
But OE (a) is to PO (4 a) as the radius 100000 is to 
the coſine 25000 of the AOE, which is found to be 
75 degrees and 32 minutes, or 75.54 degrees. 

And ſince unity is to 3.14159, as the radius à is to 
the ſemi- circumference 3.14159 4, and 180 degrees 
is to 75.55 as the ſemi-circumference 3.14159 4, is to 
the arc v = 1.32 4 nearly, 


EXAMPLE. 


Let AP=12, c=15; then will a= 16, 5 = 
19: hence.» = 69.3, m = 16.2645, g = 20.8985; 
and if we take half the value of u, we get q 5 

733, 2cng = 21723. 990), 47 2001. 0413, an 
* of * 8 25 radical ſign will be 
23725.032, whoſe ſquare root is 154.028; from 
which ſubtracting the kaown term 44.733, and di- 
viding the difference by the coefficient 15, gives z = 
7.2, which is leſs than z = 7.388, found after 
Prob, II. | 
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PROBLEM VIII. 


To fd the thickneſs B C of the piers, when the out. 
fide is a right line parallel to the cord AE of the 
inſide arc. Fig. 6. 


By the allen of the triangles OMG, APE, 


we have PE (d): AP 2 : F OM (b) : G M = bo 
and ſince GM and MR are equal, we ger <2 for 


d 
the area of the triangle OG R; and as the area of the 


ſector OAE is 4 av, we have 2nd = 2bbp— gdv: 
But the folid deſcribed by the triangle OG R, about 
an axis paſſing through the center O parallel to AE, 


* is . b*, and that of the ſector OAE deſcribed in 


that rotation 3 raab; therefore 3d mUAe= 2961 — 
a ad b, by what has been ſaid before. And becauſe 


there are the ſame triangles here as in the laſt figure, ve 
da b m 
have g EET YH + — Tb „ dun = Þq, and cz+q= 
vey eng + 9g, as before. 
If we ſuppole again that OP is the three fourth of 
the radius OA, then will the values of p, d, b, be the 
ſame as before. 


» 


EXAMPLE. 


| Let, as in the laſt, pbe=2a, a = "16, b = 19, 


c=15; then will 4 22 2 Nis, 5 = 24 e. and 
#:55-440:34, vt; 32 4, mM = 16.895, £ = 21.9333 
and if we take half the value of n, we get q = 
71.796, qq = 5154-6656, 2nc g = 36432.9063 : 

therefore the ſum of the terms under the radical ſign 
> «8687. 5719, {quare root is 203.93 3 8 


Sec l. FORTIFICATION. Fo; 
& which ſubtrafting the known term 71.756, and divid- 
W ing the difference” by the coefficient 15, gives 
228.8. 

VN. B. We * neglected the ſpace ERF ; in the 
two laſt figures, which could not be conſidered with- 
vut rendering the operations very tedious. and per- 
plexed: and as in practice a ſcrupulous nicety becomes 
more troubleſome than uſeful, we aim more at ſimpli- 


city than a too great mathematical ſtrictneſs, where 


| ever practice 1 is e 


i LEMMA I 
be diameter. O L. which biſetts the Ys AE, 


joining the extremities of the two ſemi-axes 


AO, and OE, of an ellipſis, biſecis the area 
of the quadrant ALEO. Plate III. Fig. 7. 


For the diameter OL biſects all its ordinates which 
are parallel to that chord, as well as all the lines drawn 
in the triangle AOE. parallel to the baſe AE; con- 
ſfſequently the diameter LO biſeQs the area ALEO 
of the quadrant, - 


C O R. I. 


. 1 the tangent LH is parallel to the 
ordinate A E of the diameter OL, by the nature of 
the ellipſis, and this diameter biſects AE in n, and 
ſince AOE is a right angle, A m, m O, m E, are 
equal; therefore the triangle Om A. is iſoſceles; and 
| being ſimilar to the triangle OL H, this triangle is 
likewiſe iſoſceles ; conſequently O K = K H, and 
OL = 14 BY - 


COR. 


”Y * I — * Y ”4 * * 42 je 1 
4 þ + 0 R. II. i N N f 

© » = . * I ; | 4 1 1 8 

; " | | | 


will be ſo too. 


we have AE = OL V2, 2, by Wy of tatios, 


elliptic quadrant will be = — 


reren. Part l 


"Aa —_——_—_ \ * 323 | — 


Hence. the triangles AOE, OLK, are ſimilar, 
for the triangles OK L, HK L, having all their. ſides 
equal, are equal i in all reſpects : and fince the triangle 
HK L is ſimilar to the triangle A O E, its 1; wg 1 


1 


con. III. 


Becauſe OK : OA: :OA: OH, or 2 OK, ih the 


laſt corollary ; whence /O A'="OK V2; and by the 
ſimilarity of the triangles AQE, OK L, we have 


OA:AE::OK;OL; and ſince OA =OK V/;, 


PROBLEM Ix: 


To find the thickntfs BC of the piers, when 0 F, 
AE, are two fimilar elliptical, quadrants, de- 
 ſeribed from the ſame, center O, and the joints 
are perpendicular to the tangent in that ® 


Fig. 8. 
If OA = = 4, OG'= 1 OE d, Fo the rt as 
before, then will O F = | 5 by ſuppoſiti ition ; whence, 


ſince che circular quadrati deſcribed with the ans 
OG, b, will bez r, and is >. * elliptical quadrant 


O GFE, as OG ) to OF LY and therefore this 


5 5 and the amn OA 
will be ; 7 ad by the ſame reaſon; therefore 4 an= 
rd * b p — 4 @, after having multiplied by 44. 
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- 


dow, becauſe 74, rbb, expreſs the areas of circles 


- 


" 


- "Wi ihe figure about the axis OF, and ſince the ſolids de- 

eee by che elliptical quadrants in this rotation are. | 

„ie two thirds of the cylinders of the ſame baſe and 
+I altitudes, theſe folids will be 4 7404, 25455 and | 


| their difference equal to 2r , by art. 425, ſup- | 
| poling OK r n; which gives 3 2 m = 4 x 5-45 | 
, after having multiplied by 3 4. The firſt ſide of this 7 
- I equality being divided by 4 ' n, and the ſecond by its | 
- 3 FR: an ö 
equal, gives 1m A R 
If we imagine a quadrant of an ellipſis to be de- | 
| ſcribed through the center of gravity L, ſimilar to the 
former, then the direction LH will be a tangent to 
| the ellipſis, and therefore perpendicular to the joint 
paſſing through that point; and OK = KH, by Cor. 
I. or OH an; hence DH=a+z—2mu; and 
by the ſimilarity of the triangles AOE, HDI. we 


have AO(a):OE(4)::DH : DI 3 44 2 


2 1 d amd dz a | 
ud ſo CI =e—d+——— —; orif g= 
: 2 da m 


| | 2 1 d 2 
1 we have (22 = 21 — 


by 
I 
cor. after Prob. I.; and if ag = ud, the ſquare root of *y 
this equation is ez , Vi f 0 
EXAMPLE... I IM 
; n 3 | AS 7 
 Ieta=12, c Ig, dag; then as F= 
3-142 nearly, we get # = 47.72, m = 8.629, g = 
- 18.943; and taking the two thirds of the area 47.72. 


for the value of u, we ſhall have q = 23.86 and 
. 38648.4988 for the ſum of the terms under the pe? 


" 18 PRACTICAL | Part l. 

cal figh, whoſe ſquare root is 136.559 3 from which 

ſubtracting the known term 23.86, and dividing the 

difference by 15, we ſhall have z = 7.513, or BC 
qual to 7 feet 6 inches. . 


PROBLEM X. 
To find the thickneſs BC of the piers, when the 


outfide is a right line & E, parallel to the chord 
AE which ſubtends the elliptical quadrant, 
Fig. 9. ST 115 
If AO S , OE =d, OM =, Om or An =, 
and the reſt as before, then, by the parallel lines AE, 
G F, we have Om (Y): OE (a):: OM (2) : OF = 
cet and Om (Y): OA (a):: OM (3b): OG = ve 


b h 
whence LE will expreſs the area of the triangle 


G05; and ſince ĩ 14d expreſſes the area of the ellip- 

tical quadrant, we have 4 bÞþn=adx2bb—rbh, 

after having multiplied by 455. . 
'raabb 


10855 hb 
cribed by the radii, OA, OG, in the rotation of the 
db 
figure about the axis OF, we have 3 7 4 à d, 4 wr” 
for the ſolids deſcribed by the quadrant O AE, and the 
triangle GOF, in that rotation : therefore their differ- 
ence is equal to 27m n, by what has been ſaid before, 
which gives 6m N E =aadXxb—206-. 
As the reſt of the figure is the ſame as before, we 


, aq=nd, and ez +4 = 


V2cng + 49s as above, 


Now becauſe va a, „ expreſs the circles de- 


haveg =c—d + 


* RX AM: 


eas: FORTIFICATION. ag 


EXAMPLE. 


Let a = 12, d = 9, c = 153 then will 5 = 5.5, 
and the diameter On = AE V2 by Cor. 3. will be 
10.6; and if we allow 3 feet for the thickneſs M of 
the arch, we have þ = 13.6; whence = 92.2, 
m = 9.23, g = 19.845; and if we take 61.812, the 
two thirds of the area 92.72, for the value of a, we get 
q= 46.36, and 38949.0238 for the ſum of the terms 
under the radical fign, whoſe ſquare root is 197.355; 
from which ſubtracting the known term 46.36, and 
dividing the difference by 15, gives z = 10.066 
nearly, which is 5 inches more than when the in- 
ſide is circular. This ariſes from the difference be- 
tween the weights of the arches; for we found 112 
| feet in Problem 3, and here only 92.72; ſo that ei- 
ther of theſe arches may be uſed as occaſion ſhall 
require. * 

But if c = 9, and the reſt as before, then will 
2= 9.57, Which is very little leſs than what has been 
found in the third problem. \, 

When both ſides of the arch are terminated by els 
lipſes, its piers require leſs maſonry than when it is 
terminated by circles; for we found in the ſecond 
problem 7 feet 4 inches, and in the ninth 7 feet 6 
inches; and therefore the difference is 2 inches: not- 
| withſtanding Mr. Belidor found the contrary, and from 
thence concludes, that the elliptic arch has a greater 
preſſure than the circular one. This would be true if 
the weights of the arches were equal; but we have 
found the area in the circular one to be 63.62 feet, and 
47-72 feet in the ellipſis; and therefore the weight of 
the circular arch is to the weight of the elliptic arch 


as 133 is to 100 nearly. So that the weight of the 


firſt is about one third more than the ſecond, 
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Part J. 


PROBLEM XI. 


To find the thickneſt BC of the piers when ther: 
are counterforts VD; the infide of the arch 
being circular, and the outfide a right line, Fig, 
10. 


Let CV — þ be the length of the counterforts, 
which have the ſame height as the piers, and the in- 
terval from the one to the other is to their thickneſs as 
2 tO 1. 
It is plain chat the point C is no more that about 
which the piers muſt turn in order to be overſet, but 

it is the point Vor extremity of the counterforts : ſo 
that the diſtance VI of the direction LI muſt here be 
found on the line VR, 

If we retain the ſame values as before, we get 
#n=bb—4raa, zun gs V 2—4, and OH = 2 u, 
by the third problem: whence RH + b ＋2— 
2m, and VI=c—a—b+2m—z; or if g = 
C—a—hþ + 2m, then will VI=g —2z: there- 
fore 2#g — 272 will be double the momentum of 
the arch. 

And ſince 2 expreſſes the area of the pier C A, 
and Y + 2 z the diſtance of its center of gravity 
from the line RV, we have chz +4 2 2 for its 
momentum; and the area c þ of the counterforts, 
multiplied by. + &, gives c for its momentum ; 
which being redaced-s in the ratio of 3 to unity, gives 
+ c hh: therefore twice the ſum of theſe laſt mo- 
mentums muſt be equal to that above, by cor. af- 
ter Prob. 1.; that is, 2 2 + 2chz ++ chb = 
23g — 22 and if q = » + ch, the ſquare 


root of this equation will be ez ＋ 7 = = v 2 0 f 
— 2 0 Þ+ 24. 


E XA M- 
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EXAMPLE. | 

Let a=12, b=15, c=9, b=4; then will a tz, 
n = 9.072, g 11.144, and 9 = 148: hence 
43938. 304 will be the ſum of the terms under the ra- 
dical ſign, whoſe ſquare root is 209.614; from which 
| ſubtracting the known term 148, and dividing the dif- 
| ference by 9, gives z = 6.846 feet nearly, or BC 
| equal to 6 feet 10 inches, which is 14 inches only leſs 
than what Mr. Vauban has given to his piers, the coun- 
terforts being the ſame. 1 

If we ſuppoſe c = 15, and h = 3, the reſt being 
the ſame as before, we ſhall have 2 = 112, 2 = 9.072, 
as before, and g = 16.144, q = 187; whence the 
| ſum of the terms under the radical ſign is 87 237.84, 
whole ſquare root is 295.529; from which ſubtractin 
the known term 187, and dividing the difference by 
| 15, gives 2 = 75.235 nearly, or BC equal to 7 feet 
3 inches nearly; whereas Mr. Belidor finds but 3 feet 
1 inch for the ſame thickneſs; which, methinks, might 
have given him reaſon to ſuſpect his theory, as differ- 
ing ſo widely from Mr. Vauban's practice. Although 
the latter did not"deduce his rules from any theory, 
yet his great practice made him arrive generally pretty 
near the truth,  - ol 5 

If we ſuppoſe the height of the piers c to be g feet, 
and the length h 3 feet only, we ſhall find 2 = 9 746, 
or BC equal to 7 feet g inches nearly; which differs 
from the thickneſs given by Mr. Vauban by 3 inches 
only: ſo that, according to this theory, he made the 
length of his counterforts one foot more than is re- 
quired. 
_ Having conſidered that moſt practitioners are unac- 
quainted with algebra, and being willing to render this 
book uſeful to every perſon employed in theſe works, 
we imagined that a table containing the dimenſions of 
the piers of different widths of arches would he accept- 
able to many of my readers: for which reaſon we have 
inſerted the following one. 
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The firſt line 10, 12, 14, c. reſſes the 
width of the arches in feet; the reſt of the lines, 
the thickneſſes of the piers in feet and decimals, an- 
ſwering to their heights” marked in feet in the firſt 
column 9, 10, 11, 12, &c. reſpectively from 9 to; 
20 feet. | 

It may be obſerved that the length of the” counter- 
forts have here been made one fixth part of the open- 
ing of the arch, or 3 h is always equal to the radius a, 
which proportion wè found to be molt agreeable in re- 
gard to the thickneſs of the piers; for by making the 
counterforts longer, the piers of ſmall arches would 
become ſo thin, and the materials would thereby not 
join ſo well, which ought to be avoided. 

Thoſe who are not verſed in Algebra, may depend 
on the dimenſions here given, and that the arches will 
be good and laſting, provided the work is well exe- 
cated, and the materials good; it is however adviſe- 
able to leave the centers ſtanding at leaſt for ſix months, 
in order to give time to the maſonry to ſettle and har- 
den; which being done, the work will not fail after- | 
wards, _ n | 


PROBLEM XII. 


To Pf the thickneſs of the piers, baving counter- 
forts when the znfiae i it an ellipfis. Fig. io. - 


ende we E Ape pe e bi and 


4b b ad x25 U -u by problem X; and 
RHS a+ 1+ z— 2 u, by the laſt problem, ſup- 
poſing CVS I; and by the ſimilarity of the oye 
AE. R HI, we have AO (a): OE (d): * 


RI 44 9 = Hence VI = c —+ 


d 1 dz 2 dm ” # 
C4 L FF 7 * & er H = N 1 4 1 


E 2 d m 


n 
1 
z 
| 
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2.4m, ve get VI'= EE, eee. 27» 


4 1 WW 3191 w ] 1928 (1 
24 = will be be : double the momentum, of the arch, w 


„ ai 2151 to 23ilbazaid 


and Spass, found 1 int the = problem; that is, (ZZ + 
1 51 TO diet V7 Jo 90 Arm 21's 


2 «ls + Bs (4.921 OP <5 andifg=e 14-5 


Ci 1 32 11 


the e quare root of this equation will be c 2 1 q.= | 


V2 ie ee 10 21 MA id: 5 04 SL | 
U 0 221 800 1 1 ) C130 4 511} 21 go! SYTYOTT OTOL 
Jod EX AMàFP LE. nn p! me 


© S731 O0Vv] 20 O1 Ti 


Let i. d c 9, N hawk will 4 2171, N 
m 9. 23 by problem X, whence g 10.84 
q.= 195-54; theſe values. being ſubſtitured: into the 


equation above, give 28806. 5628 for the ſum of the 


terms under the radical 4 whole ſquare root is 


169.72, from which, ſubtracting the known term 
195-54» and, dividing the difference by 9. «gives 
* = J. iz feet. 21 
This thickneſs of the piers exceeds that, when the 
arch is circular by 3 inches only (but as the quantity 
of maſonry in the circular arch is to the quantity in 


the elliptic arch, as 112 to 92. 72 ; or as 7 te 5.8 near- 


ly; itt is evident. that che elliptic arch and piers roge- 
ther Tb leſs My than the circular arch and 1 its 
Plers. N | IV Abt BY - 008 


Since then the elliptic 5 wicker. ſtronger at its 


hances than the circular one, and the middle or its 


weakeſt part, ſufficiently covered by maſonry; and as 
it is lower, and therefore better covered from the fight 
of an enemy, it cannot be ſo eaſily deſtroyed ; it is 


evident, that it may be uſed as well, and often with 
greater vanes than the cirgular one. 
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therefore is equal to double the momentum̃ of the pier” 
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* 1 m531c0104 Omni 5. «005 HY. 
s "PROBLEM xl. 5 
"EY %o mu3ASMOM tl: noh od Hiw © 
ined: thickngf oſs of \t he) peers of a 7 arch. 
— there is a mE FG above the piers; as 
il happens over tbèe gutes of-a for treſs." Ns 11. | 
og 171 NI 2 T v3 +48 5 Ve | 8210 
The ſame thing being ſuppoſed as in. ihe 1700 0 
problem, and calling the thickneſs AE of the wall d, 
its height EF, þ;.*then'will 4 b expreſs the * of 
the wall, which being multiplied by z,— ves 
45 * — 2 dd þ for its momentum, and as th 0 
pier is ES 2, that of the arch # 8 — 72 2, by 8 : 
ſecond problem, org e + 2dhzg—ddb=_ | 
20g an We wy we ſhall WT 
Fe +40 | 


N. B. It muſt be e [Rae 41n= bore * Z — 17 a agen 


bb 
„ Wk, 2 m by the ſe- 


cont 1 


| ir m=8@+ 


* * N 


EXAMPL E. 


. 81 Fr 7, 05.19, '4S 2, 38 then 
will a = 18. 852, m g. 854» g 12.708, 4 = 58.8523 
and performing, the operations- indicated by the, equa- 
tion we ſhall find, z, or the bath BC of . hg Nr 
to be 3 feet 3 inches nearly. 


1e 1 


. ae XIV. 


Th yy he thitkneſs of the piers n the arch 
7s eli ptibal, the 2 1 the EFF as ee. | 
Fig. CCC 


If the height within Lu wah * can „ then 
bb 


: PI ha 
x E 2 ( ——s 


WELLES N= zr 244 


6c — F 


2 1 K will * Bus the momentum 10 the arch, which 
being made equal to double the ſum of the momen- 
tums of the pier and the wall, found in the laſt pro- 
blem, gives c2z2+2dbz—d dh Z g- 2 u, 


„ . appolng 
ne 


EXAMPLE. 


11 2 2 7, c 10, d 2, 5 = = 20, as be- 
fore, and the height 24; then will » = 15,08, 
m = 3.854, g = 12.106, 475 55-08; and perform- 
ing the operations indicated by the equation, we get 
2 = 3-154, which being ſomething leſs than the for- 
mer, ſhews that either of theſe figures may be uſed, 
according as it is judged convenient. 


PROBLEM XV. 


To find the thickneſs of the piers of a circular arch, 


when they have a | et CD on the out}ide. 
Fig. 12. 


From the point C a CE, and DF parallel to 
AB, and let the direction LH meet CE in I; 
then if BF =z, FC= B, and the reſt as before, the 

ngle c 2 multiplied by 4 *z+ b, gives 1c 2 2 + 
6 T z for the momentum of the part FA of the pier, 
and + þ þ c will be the momentum of the part CFD, 
therefore czz+2chz+3chb=2ng—2nazby 
the ſecond problem; and if q = cb + 7, the ſquare root 


of this equation will be cz+q=v/2cag—5cchb+99. 
The values of m and z are the ſame as in the fit- 
teenth problem, and g = c = @ — þ + 2m. 


"EXAMPLE 


Sed, . FORTIFICATION, 53 


EXAMPLE | 


Let a g. B =, c= 10, þ=2; then wills = 
18,852, m = 3.854 as baſre,” and g = 10.708, q = 
38:852,. whence the ſum of the terms under the radi- 
cal ſign is 5279.5719, whoſe ſquare root is 72.66, 


from which ſubtracting the known term 38.852, and 


dividing the difference by 10, we get x = 3. 38 near- 
. and BC equal to 5. 38 feet. 


PROBLEM xyI. 


The Ae g being ſuppoſed to find the thickneſs 
the piers, when the arch is elliptical. 


The ſame denomination being ſuppoſed as in the 
fourteenth problem; then the values of m and z are the 


35 25m 
ſame here. as there z EE TEETEN: 5 


therefore, if g=— —+ cb, the reſt will be the ſame 


a8 in the 1 that 6 A N= 
fe bb + 44: 


EXAMPLE. 


i I % = 10,5 =4,Þ=2; then 
b = 145.08, W 3. 854 g = 10.566, q = 32.0643 
and performing the operations indicated by the equa- 
tion, we _ have z=2.86; and therefore BC will 


ld NT 4 PRO- 


P ROH AVI. 


Su all KOL M to be continued above; the 
9 0 _ ha ſlope onihe..outfide r-to. find: — * 
* 


Bighneſs K P * I. Mare baſe ep the 
00 LE ng. 13% IVC OYES nt 


1 mo af) pi Hun 40 A. (071: 
10 F . e 50 , 3 eee {as 
before; then z 'b mu p . £2 + &y gives 2 + 
45 2 for the momentum of the part M of the pier, 
and + d h multiphed b 183 4d b for he, mo- 
mentum of the other * 671 che par being the 
ſame as in the fifteenth, problem, and 12 Aae 
2 2 2 + 2dbz N42 1g 2 
n Ah the fquare root of this qabiion will Wis 2 ay 


Ml ; Fu 106 DU e Ji Arn! 
. K 10 ls 7 9111 412 (13 & Ci] 1 f 40 (1101499311; 


% VN 7 ER AMF LE. 


— bas nn en 9131, If 
COLT 228, c=10; b = 16, a = 2 . 
ill 1 2 early, m 86, 4 4.4. + 

5 5 Fair by 75 TT BAS Ct the reſt of the 
operations indicated by the problem, we hall have 
2 = 2 feet nearly; and therefore KO is 4 feet. 
Arches, as theſe, are uſeful in building galleries be- 
hind the counterſc Gab 1 Ty; ſuch as are made at 
Bergen-o0p-2oom, b ben th ite made pretty large, 
they became too high; for, Which reaſon I would 
chooſe to make 77 — elliptical; and as, we -haye| all 
along found that-their ,prefſure, is rather leſs than that 
the circular ones, on, acco¹t of their having [lets 


weig t; the ſame computations we made in regard to 


circular arches, will equally hold . in the elliptical 
ones. | 
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Seck 2 rr 33 
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om yavd doidw 2 i noch X- A= 


Tor fond the thickneſs BY ory A, . hen.there \45;4 
= xprefſure of earth: againf-the out/ide Yope'C: D. 


H $ 19718 wol d lo muoomom oft dub 
wie 503 io munnomorn ad duo 02 up gba mul 


Werhave ſhewn in the Gribofioncofrahis work, 
that the-preſfure of earth when compared to brick walls 
2 2 7 wall * mom of = cube of its rv na 


Doogie 


tum of the pier found in the 


order to have the eqpefigh 5. 7 = V2 n 2 — 
Nerf or this c 
AT. , — 819,01 
Jdand to avysl A GP LH. 1 % of 2 . 
S2 lis a _; Sa S4 Ft Ti 4 bas ir 202 
bots et & =, 5+ \F] 7 Cg=T 0 be then will 7 
8 70 35 975 E eforg in the. fi 
708 e Values. being 
. e he, operations per: 


10 e give t 
— fore BE. 5,4 teet, Nel INTO) 1 4 


| vis: 511 90.8 Mn ts vin "3 Gs 6 
-9d 2 928g} 18} RO EM XIX. WA. 

#i 1601 7; yigms d o7 di 19ggy bns 19wol f np! 
Th find th et bickneſs of 7 afiehe- piers! ith counterforts, 
D ben Here are Tuo mynulan 160 TING a 
mall ond alove. Plate IV. Figsd . 100 73 
ba9gob vim 19bev1 913 „eig, d 16 elan icli 961 ni 


20 eme degomination being Coppalad cas. In the 


eleventh problem, in regard to Be lower arch, and 
let the ſame lines be drawn in the upper one; then if 
0a=s, OQorro=f, Q or Or x; 1 half the 
area of the ſmall arch, h = 2 p; then will « . 777 5s 
and p = .756 5, by the eleventh problem: whence r þ 
fe /—272; Oi or OH * 2 3 RH 

E 4 ory 


THEE 


56 A@ORAOTIONDE) a. . 


eee 


9 „ R122 nn 


a—b—z&+f-f +2; erify gc x+ 2p — 
a—b— f; then vi VI g — 2, which being mul- 


Tiplied by 2 4. gives z 1% — 2/42 for double the: mo. 


mentum of the upper arch; this added to 2 12g 2 12 
double the momentum of the lower arch, and the 
ſum made equal to double the momentum of the pier 
and couintertort found in the before · mentioned pro- 
blem, gives ca 42\cbz Tb S213 4225— 
a2 n - 2; whence if p = cb, the ſquare 


root of this'equation Vl be f + A = V2eng + 


er T1 oO 


rene. (] 8% 4 


N EXAMPLE. 


OL 7 . 
ens thenif 0Q = 18 14+ 
that is the lower. arch, being three layers of er 
thick; and the height P. 0=53;z. then will Q = 
x = 203 1 = 49.728, = 6.048, y 9.763, and 
1 = 112, m = 9,072, g\='" 10.144, by the „ 
problem; hence we get f = 197.728; and 64,700.98 
for the ſum of the terms under the radical ſign, whoſe 


10 


ſquate root is 254. 36353 from which ſübträcting the 


known term 197.728, and dividing the difference by 
the coefficient, gives z = 7.08 nearly. 

N. B. We bave ſuppoſed the trilinear ſpace S be- 
tween the lower and upper arch - to be empty; that is 
without maſonry, "beſides "a ſmall ſpace between the 


roof and the pier of the upper arch has been neglect- 


ed; but as it hardly can make any ſenſible difference 
in che thickneſs of the piers, the reader may depend 
om "that fe 8 ſufficientiy Sond of pracy 
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* tao | -PROBLEM XX. 


To fond the thickneſs of the piers with comnterfor 15 
when there are two ſmall areves below, and 4 


great one above. Fig. 15. 


Let a; the height Vr of the lower piers, 
ae 165 \= 756 53 then will 5 = 2 þ, 1 + 
eleventh problem; and as 0 7. = , we, get 
rhorri=s +b+2—27, and Vi A= 
— 2 ＋ 2; or if y = T295 — 5 — 5; then will 
Vi S , therefore 2 2 — 2 4.2, will be eye the 
momentum of the lower arch. 

Now if we ſuppoſe the ſame values as in the eleventh 
en, for the upper arch; that is u 4777 4 4, 
mn =+75 64,89 = +2m—&—bþ; then will 2 2g — 
2.u.2 be twice the momentum of the great arch; and 
therefore cz2+254,2+4chb=2ng +243 — 
2235 — 243; whence if q=<b + # + the ſquare 


root of this equation will be c 2 + q = V 2 f 2 5 
ere, a 


EXAMBLE. 


oy ; 
* " 1 


Woe! Aan 1 24 9, 4 ho 
will «= 27.972, p = 4.536, = 5072, 1= 1748254 
n=11.34z and g = 29.38, 9 = 306.797; now the 
operations indicated by the equation being e. 
we ſhall have z= 11.54. feet. 
Either of theſe two laſt problems may ſerye to con- 
ſtruct large powder magazines in the inland part of the 
country, where no enemy can come near them; for 
in fortified places, engineers chooſe: to make ſeveral 
ſmall ones, ſo that if any one be deſtroyed by the ene- 
my, the powder might not all be loſt, 45 would 
Je oy w_ of the tee at the lame time. | 


» «a Maſs + 7. 


LJ! Sthe&therefore the ſimethe C Hefe rhe forces 


of MER. iTSEEDT gd - 
If the arches were made miprical” inſtead of circu- 
lar, they need natibe J high, kad Agteat deal of ma- 
9 hath ſh h 
. r We 3 3 
$ buy wh Syn WN S d r 


PROBLEM NN 1 


73 vitherthd exrorior or ini "WoW arid 
©i11. Af gien to find thewrher „Shu all the arch- 
A De in een Brio y Lach other, 


aaa 
Ii I . + ET 9.10 £08 14/8 - 


22 the interfor curve =7Y «to be given, 
Cee! IL the joints pro Caen fr e fame point 

the centęfs * 72 % Wot , of the ätch⸗ 

bas er tlie lines 8 Be'dtavn at right 
angles o the horizontal nne B Q drabn at ple Aſure, 
and tlie fatter . 0 Juints'in E, F, 85 *then 
"It Is vident, that if exprefies the Wei fit of the 
None! PETS ps and F Gt at of the 
tape 55 che hat CD ll exptefßs the force With 
which the ſtone v preſſes the vertical jdint HA CE 
the force With which the ſtones v, x, preſs the joint 
13, and CF, che force with. which the ſtones x, 755 
preſs the Joint Ke: for three powers are in equilibrio 
Wich thcFothet, When they, Are As the fide of à tri- 
zafigle hielt are. perpendicular to their direction; and 
>the Tae DES perpendiculat to rh&Giredtibri * of 
Hhe'wWeight ant the fides ©D,/'CEFperpendiciilar wo 
the directions of the forces with Whheh the tobe v 
$ Againſk the zoihts OH O PRA gain „ 
Perpenthdular te che ditection s of ki ene x, and 


OE, perpen eular tothe directiss ef the forces 
[with which the ſtehe Hpreſſes the joints C HRE | che 


-famethivg 79 tfüe i ar@ to any oche hangt! gm! 


with whiok'tHeOR6h&1345y5Þprefsledchebtherin' corn 
"trary. directions, they deſtroy each other; again 15 
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es. FORTIFIOATION. 2. 


ther ſame line CF, expreſſes the forces withiwhicli:the 
ſtones x, y, preſs each other in contrary directions, 
they likewiſe deſtroy each other; and this is true in 
regard to any other egen Jones Conſequent- 
ly, if the weights of the ſtones are to each other as 
the lines DE, EF, FG, they vilb be in equilibrb 


with each other. 


Wer. Nang AKA WILL f 
Whence, if the curve HIK LM be ſuch that the 
ſpace A Hl be always equal to the cdrreſpbriding 
titiangle CDE, it will be that required. becauſe tl 
beight CD of that tr angle is gen, ats Area will be 
EE the haſe DR. 1 %ig do of 7 2 40 
No becauſe the circular, ſecturs de ſeribed by the 
radu CE, C65, CH in the ame time, hre ds th 
ſquares of theſe radii, and ſince thoſe ſectors are Uke- 
wiſe as the fluxions of the ſpacesTDE, C CHD, 
andi the difference between the two laſt is equab to the 
firſt, by what has beep proved the difference; between 
the ſquares of the radii C1, G, wilk-likewiſe! be 
equal to the ſquare of the radius CEE. 
Hence, When CE becomes CD, CI becomes CH, 
and C becomes C: therefore the) ſquare of CD is 
equal co the difference between the ſquates of the height 
CA, and. CH, at the key-ſtone ; Which being given, 
the) line D will, be given im poſition, and .Fiom 
thence the curye may be deſcribed. a 
Though we haye ſuppoſed the interior curve given, 
yet IQ is, manifeſt, the ſolution holds, equahly good 
when the exterior curve is given. Up 1403 
MWhen. the interior curve AB betomes at right line 
Parallel to D Q the exterior curve HM wilt alſo be 
a right line, parallel to DQ. Hor becauſe CE will be 
0 Cas C D to CA in this caſe and therefore CE 
and, O will bein a conſtant ratio, uig. inthe ratio af 
Q to the root of the ſum of the ſquares uf C Daria 
CA. Which ſhews that flat cielings made of ſtones, 
a all the joint meet in the ane right line, dviflat 
05364 Arty Yell "19118 efl2113 : 12 ail l63nosnor! arches, 
1 — -» | 
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arches, if we may call them ſo, wall * all their 
8 i 


1%" PROBLEM Nn. 


A -.* 5 fy? 7 


. at the exterioy curve H M, when the i 2 
terien AB is given. pw 


"7 2 14 7 


1 


Eaſe 1. Per vor interior curve AB % a quidrant of 
a circle, deſcribed from the center C with the radius 
A or CB; and ſuppoſe: the thickneſs A H or length 
of the key-ſtone to be given; then if B D be made 
equal to CH, and through the point D, the indefinite 
line D Ode drawn parallel to CB. / 


I after having drawn ſeveral radii CI, CK, CL, 


CM ; interſectin ng DQuin E, F, G; you make one 
of the legs ae of a right angled triangle 4 cg, equal 
to CA; and you take upon the other always ce = 
CE, f = OF, cy = CG, and then CI = 4, 
CK = of, CL.= ag; the curve paſſing through the 
Points II, I, K, L, will be the required ane. 
For becauſe CA, CB; are equal by ſuppoſition, 
and C H, BD; by conſtruction, the ſquare of CD 
will be equal to the difference between the ſquares of 
CH, or BD, and CA; and ſince CA, c; CE, 
ce and CI, ac, ate equal, the ſquare” of CE or ce 
will be equal to the difference between the ſquares of 
CI and Ch or OA conſequently rhe curve HL i i 
that required. 

Fig. 17. Caſe II. Let the interior curve AB be a 
circtifar! arc deſcribed from the center C, with the 
radius CB or CA, and let the part A H of the radius 
drawn through the vertex A, "expreſs the given thick- 
neſs of the arch in that place; on CH as a diameter 
deſcribe the ſemi-circurnference of a cirele HMC; 
take CM equal to Ca, and in CA; CD equal to 
HM; and draw the indefinite right line DQ parallel 


to che horizontal line CB; then, after having taken 


4 


A wn S oo. am 


gelt. a. FORTDIFICATION: 61 
vpon one of che legs ce equal to CA. of arightangled! 
| rriangle a cg, and upon the other ce, cf; cg, re- 
ſpectively equal co the { uh CE, CF, CG; you make 
l, CK. CL. equal to the correſponding lines ae, 
14 h ag ; the curve line HIKL; paſſing through the 
points EI, I, K, L., will be the required one. 
For becauſe CM, CA and dp. HM are 1 0 
by conſtruction; the 7 of CD is equal to the 
difference between the ſquares of CH and CA; and 
ſince we have alſo CA, CE, CI, equal to ca, ce, tr, 
| reſpectively, it follows that the ſquate of CI is equal 


ſtructed. 

the fifth ſection, book the third, of our mathematical 
treatiſe,, not only for arches generated by a parallel, 
but likewiſe for ſuch as are generated by a circular 
to know all the different caſes. 


different problems that poſſibly can happen in practice, 


lame | dimenſions, may ſerve for elliptic, or parts of 
circles. For in all the different kinds of arches, the 


joints meet in the ſame point; not conſidering that the 


and as the fineſt bridges in Europe are built with ellip- 
tic arches, it is manifeſt, that they are able to ſup 


to the difference between the ſquares of C A, and CE; 
conſequentiy the curve. HK has been rightly con- 


This 88 has been given at the beginniug by 


motion; to which the reader is reteered, if he wants 
We have endeavoured in this ſection to give all the 


relating to this ſubject; and to render it of more gene- 
ral uſe, , we have given the table of the dimenſions of 
piers for ſeveral openings of powder magazines; and 
though the arches are ſuppoſed to be circular, yet the 


thickneſs of the piers of the circular one has always 
been found the greateſt, contrary to the erroneous 
notions of other authors; who have looked upon the 
circular one as the ſtrongeſt and the beſt, without be- 
ing able to give any other reaſon than becauſe all the 


ſame thing is ſo in all arches, made of parts of circles ; 


the weight with which they. are loaded x _—_— we - 
peat! ol have 


— . ns * 
en 
f OW 


arch may be made nnichlower;”' Nor will the ſhells 
cCauſe the weakeſt part is ſufficiently covered with ma- 


ine the paſſage muſt have 4 regular aſcent and de 


6 eri Sec. 


Have: ſhowigithay thepretvire about obe Bid leſs ma 
ſonry z it muſt thetefbte de allowed that they are pre- 
ferable to the circulat ches, eſpeciallj when it is con- 
ſiderech i that they 166K mers benutifüf to the eye, and 
their ſlope is much leſs Whichz! on the contfary, is ſo 
very high inJ#/fmmnſe?-Bridee, tliat it is with the ut- 
choſt-difficulty that heavy ſoaded catriages can get over 
it though. in- many other reſpects, one of 8 fineſt 
in Europe. bus II to emmvpt 907, 0991390 3, 

It is alſo eaſy to ſſhew that powdermagazlnes, made 
with elliptic arches, have the advantage over circular 
ones in many caſes” For in forts; or wherever the ram- 
parts are low, it ig impoſſible ther circulat poder · ma- 
gazines can be built ſo low as not to be ſeen by the 
chemy from without; hO therefore will endeavour to 
deſtroy it as ſoon as he eu knowing that the ſurren- 
der of the place depends om it; and if they are built 
under ground the powder Zan atleaſt ho longer be kept 
in it than during a ſhort ſiege, otherwiſe It would ſoon 
grow damp, and loſe its Rrength ; whereas ah elliptic 


have a greater effect upon theſe than on the others, be- 


ſonry, ſoſ as to be in n danger}; and as to the hances, 
they ate more curvated cha the circular ones, and of 
conſequence ate ſtrohger in chat piace: 
The twoolaſt problems are particularly uleful 3 
building of bridges, becauſe che Arch ſtones being in MW 
8 it is manifeſt, chat the be 24 
will be ſtronger, chan when They ate made in any other 
form: it is true that the upper Part of à bridge can 
not be made in this form unleſs it is of bne arch only ii 


ſecnt: yrt nevertheleſs; the ach- tones being formed 
in this manner, and the reſt of the ſide-walls being 
finiſhed in the uſuaf way, the overplus of the weight ; 
is: not ſo very confiderableias to produce any very grea | 
aber ation in N to the tarce of the ate ſtone. 
„ | Beſides 
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Beſides, when a bridge is built otherwiſe, that is, in 
8 he bſoal manner the weakeſt part üs loaded. With\a ſusa 
rnumerary weight, as well as the gen. whereby 
t remains ſtill theweakeft; and if that part is Mare 
oaded in proportion than the reſt, the est to re ſiſt 
that weight muſt be weakened': on the contrary, they 
greateſt part of the weight being in equilibrio the re- 
maindet cannot n on great 4 difference, as in the 
een e yan R „%% bi Dol ei i nale 
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0 the ſtrength and e of a buildig entirely! 


che Whole together, in ſuch a manner, (as! every part 
thereof may be equally ſtrong; and as we have in the 
firſt ſection given tables of the thickneſs of walls which 
ſupport earth, of any height, and according to any 
ſlope, that may be uſed, as likewiſe ſhewn how to 
find the proper thickneſs of piers of vaults and arches; 
af any form or opening; it remains now to treat of 


well as; f their ſtrength, in reſpect to the different, po- 
ſition in which they are made uſe of; eſpecially of thoſe 


moſt commonly employed in buildings 4: in order to 


enable a young engineer to judge whether a building 
aleady executed is Compleat in all its parts, or When 
a building is. propoſed, to make all its ꝓarts in due pro- 
Kaden, in ſuch a manner ad to be every where [equally, 


which is the point of G FIRE That anch 
tained in the art of build ing. 
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depends on the well proportioning and uniting: 


| the different kinds of timber, and of their quality, as 


render this work as uſeful as is, poſſi ble, and thereby | 


long and good, and to void all needleſs expe 2 5 


8 \ Y : X e — 1 
2 % N Y > 2 7 - Z 4 = - — 
4 
- . 
e 3. =Q 
6 « 


be PRACTICAL? 1 Seft. 4 


Of th Navone ond Quatary of TIMBERs, 


Of all the different kinds of timber knben in Europe 
for building, oak is the beſt in all reſpects, becauſe, 
when. it is well ſeaſoned and dry, it is very tough and 
hard, it does not ſplit ſo eaſy as other timber, and bear, 
a much greater weight than any other whatſoever , 
when it is uſed under cover, it never periſnes, no more 
than in water; on the contrary, the older it grows, 
the harder it becomes; and when it is expoſed to the 

weather, it exceeds all other timber whatſoever for 
durableneſs. 

Fir timber is the next in degrep of | goodneſs for 
building, eſpecially in this country, where they build 
upon leaſes; for it laſts pretty long, when under cover; 
is TE light, and is the cheapeſt timber that can be 

ht. It differs from oak in that it wants not ſo 
— ſeaſoning, and therefore no great ſtock is re- 

| quired before-hand; whereas oak muſt be kept at leaſt 
a twelvemonth, and the longer it is kept the better it 
is; on the contrary, fir is much ſtronger while the 


reſinous particles are not exhauſted, than when it if 


very dry, as I have found by ſeveral experiments. Fir 
is uſed for flooring, above all other kind of wood, 
for wainſcoting and the ornamental parts of build- 
ing within doors; it laſts likewiſe a great while under 
water; ſome pretend chat it never Periſhes there, no 
more than oak. 

Elm is the next wood in ule; eſpecially here and in 
France, where it is plenty; becauſe it is very tough and 

jable, it is eaſily worked, and does not eaſily ſplit, 
it bears driving of bolts and nails into it better than 
any other wood: for which reaſon, it is chiefly uſed 
by wheelwrights, and coachmakers, for ſhafts, naves, 
felloes, and other ſuch like things, and is almoſt the 
oy kind of vod uſed in WW 
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very tough and white when young, and of great ſtrength, 
but liable to warp very much when expoled to the 
weather, and to be worm- eaten when uſed within doors; 
its greateſt uſe is to make planks, bedſteads, chairs, 
and other houſhold goods; and they uſe it likewiſe 
abroad, for axle-trees, felloes, and in other whee]- 
wrights works. 

Aſh is likewiſe a very good wood, but very ſcarce 
in moſt parts of Europe; it ſerves in buildings, or for 
any other uſes where it is ſkreened from the weather ; 
hand-ſptkes and oars are chiefly made of it, and indeed 
it is the only wood that is fit for this and any other 
| things which require to be tough and pliable. 

Wild cheſnut timber 1s by many eſteemed to be as 
good as oak, and ſeems to have been much uſed in old 
buildings; but whether theſe trees are not ſo common 
at preſent as they have been, or have been found not 
to anſwer ſo well as was imagined, it is certain that this 
timber is quite out of uſe at preſent, 

There are beſides many other kinds of woods, which 
are eſteemed uſeful upon ſundry occaſions, ſuch as 
Engliſh and Virginia walout, mahogony, cedar-wood, 
role and box-wood, for turners and cabinet-makers 
works; but as we intend to confine ourſelves to thoſe 
woods only which are uſed in building, ſo the fol- 
lowing obſervations ſhall extend no farther than to 
thoſe mentioned above. | | 

Oak may be diſtinguiſhed into three forts, viz. that 
which grows on high gravelly ground, in thick foreſts, 
and that which ſtands on the ſkirts of foreſts, in hedges, 
or any where elſe, in damp or low ground, where the 
air has a free circulation. | | 

That which grows on high gravelly ground, is of a 
reddiſh colour, not much unlike that of red ſand; it is 
very. brittle, cuts very ſoft, rots ſoon, and is neither 
good for building nor burning; for it never produces 

| ” BY any 


Beach is alſo very uſeful upon many accounts; it is 
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any flame no more than if it was rotten, for which 
reaſons we ſhall ſay no more of it. 
That which grows in thick foreſts, where the air 
has no free circulation, is very tall and ſtrait, without 
knots, ſplits eaſily, and has a very fine whitiſh grain; 
it is therefore very good for building, and for any 
other carpenters work; it makes exceeding fine planks 
for all ſorts of cabinet works, its natural colour and 
grain being ſo beautiful as no other wood can ſcarcely 
exceed; but as this wood is very tender and ſplits 
eaſily, it is not good for ſhip-building, and therefore 
never to be uſed therein but when no other is to be 
had. 

The third fort, which grows in ſoft goes, and 
where the air freely circulates, is very hard and tough; 
it is never ſo tall nor ſo ſtrait and ſmooth as that in thick 
foreſts; but is the beſt that can be uſed for building 
of ſhips ; eſpecially if it ſtands in a wet foil : I have 
ſeen ſome that grew in a damp meadow ground which 
was fo tough that the ſplinters would twiſt like ropes 
without breaking; if I miſtake not, this is the reaſon 
that the Engliſß oak is ſo much better for building 
ſhips than any other in Europe; becauſe the ſoil where 
it grows is generally damp and low, and the foreſts 
are not ſo thick as they are elſewhere, by which the 
air circulates freely; whereas that which comes from 
Nerway or other parts of Germany ſtands very thick 
and in great foreſts, for which reaſon it is ſo tender 
and ſo good for carpenters and joiners work. 

Fir may likewiſe be diſtinguiſhed into three different 
ſorts; the red or yellow, and the white, and a fort be- 
tween both. The red is by much the beſt, and the 
moſt durable ; becauſe it is much more impregnated 
with roſin or turpentine, which fills its pores, and pre- 
vents the water or dampneſs from entering, and there- 
fore is more able to withſtand the weather than the 
other: I believe that this is the ſort from which pitch and 
tar is extracted; this ſort is always uſed in works that 

| are 
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are expoſed to the weather, and for ſtakes, to drive in 


the ground; but then it ſhould: be burnt in the fire and 


pirched over while warm, which will preſerve it much 


longer; it has likewiſe been obſerved, that it does not 


decay under water; and it is the beſt for carpenters 
work. 8 

The white ſort is not ſo ſtrong or ſo durable, but is 
very good for the inſide of a building, ſuch as for 


L flooring, doors, wainſcoting, and other ſuch like works; 
its colour and ſmoothneſs of grain makes it preferable 


for that uſe to the red ſort: as to the third ſort, it par- 
takes of both qualities, is neither ſo ſtrong and durable 
as the red, nor ſo beautiful as the white; but ſerves 
well enough for all ſorts of timber in buildings where 
it is not expoſed to the weather. 

As to the elm or aſh, I cannot find more than one 
ſort of each; yet it is likely that the different ſoils in 
which it grows muſt make it either tougher, and ſtrong- 


er, or brittle; as likewiſe that which grows in the open 


air muſt. be ſtronger than that which grows in thick 
foreſts. For all timber and plants in general grow 
ſtrongeſt in a free air. | 

Beach, which grows in thick foreſts, 1s ſofter and 
more brittle than that which grows in the free air; and 
1s very white and tough when young; therefore wheel- 
wrights uſe no other than what is very young, and 
what is no bigger than the ſcantlings require; eſpeci- 
ally when uſed for axle-trees, but for felloes they ſplit 
it into two only; but that which is ſawed into planks is 
much larger, and ought not to be too old, otherwiſe its 
grain is very coarſe and the wood very brittle. 

The goodneſs of timber not only depends on the 
foil and ſituation in which it ſtands, but likewiſe on the 


ſeaſon in which it is felled ; in which architects diſa- 


Free very much; ſome will have it felled as ſoon as its 
ruit is ripe, others in the ſpring, and many in autumn 


or the fall of che leaves: and there are ſome who pre- 
F 2 tend 
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& Perner ans 
tend that it ſhould be felled in the increaſe or full 
the moon, imagining that all things increaſe in the 
ſame manner; but we ſhall leave theſe moon-blind 
gentlemen to their own lunatic judgment, and give the 
moſt rational opinions concerning the propereſt ſeaſon 
in which timber ought to be cut. Since ſap, as well x 
any other moiſtneſs, is certainly the cauſe that timber 
periſhes much ſooner than it otherwiſe would do; which 
appears from timber expoſed to the weather not laſting 
ſo long as that which is under cover, as likewiſe that 
dry timber, when uſed, is more durable than that which 
is freſh cut; this being the caſe, it is manifeſt that tim. 
ber ſhould be felled when there is the leaſt ſap in it; 
which is from the time that the leaves begin to fall tg 
the time that the trees begin to bud ; that is from the 
middle of Oober to the middle of March: the greateſt 
number of architets agree with us, that this is the beſt 
ſeaſon for felling timber. 

The weather has likewiſe an influence over timber; 
for if it be felled in damp and rainy weather, it will not 
dry, and if it lies too long in this ſtate, the ſap wil 
moulder and cauſe the timber in time to rot : but if the 
weather be dry and fair, it is plain that the air wil 
draw out the ſap and the timber will be more laſting. 

When timber is cut, the bark ſhould be taken of 
and let lie for ſome time expoſed to the ſun and wes- 
ther, and afterwards cut into rough ſcantlings nearly of 
the ſize they are intended to be uſed, and then laid up 
in ſtakes under cover to ſecure them againſt wet wea- 
ther and the heat of the ſun ; for the wet hinders it 
from drying, and the heat of the ſun ſplits it. As 
oak ſeems to contain more ſap than any other wood, 
and therefore requires a longer time to dry, the bel: 
way to make it ſoon fit for uſe is, as ſoon as it is cut 
into ſcantlings, to throw it into water; this has been 
found by experience to draw out the ſap much ſooner 
than the weather; for the outſide will in a ſhort time 
grow as black as ink, which is a certain proof, that 

PEE water 
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water draws out the lap. in a ſhorter time than the air. 
As to the ſeaſoning of any other kind of timbers, I 


never heard of any other method, than to ſtake it up 


in piles, in ſuch a manner as that the air may freely 
als between; and to cover it from the rain and the 
beat of the ſun, The time required for dryiag timber 
before it is uſed is very uncertain, ſome forts require 
much more than others: oak mult be kept a great 
# while; for the dryer it is, the harder and ſtronger it 
grows : this we find by experience; for oak of an old 
building, or of a ſhip, 1 13 ſo hard ſometimes, that tools 
will ſcarcely cut it. 

Beach requires likewiſe a great while drying and 
if it is uſed before it is thoroughly ſeaſoned, it warps 
very much; and it may be obſerved in general, that 
the heavier the wood is, the longer it requires to dry: 
it may be known whether any timber is dry and ſound 
by ſtnking with a hammer pretty hard at one end, and 
if it ſounds clear and diſtinct, you are certain that it is 
both ſound and dry. 

Fir being a light wood requires leſs time to dry than 
any other ſort; fir ſcantling for roofing or for any other 
ule within doors, ought to be half dry only; be- 
cauſe it is then ſtrongeſt, as we have found by 2 
experiments, which ſhall be related hereafter; but as 
to the boards for flooring and wainſcoting they ought 
to be thoroughly ary, otherwiſe they ſhrink and ſpoil 
the work. 

Timber ſhould likewiſe be cut when of a proper 
age; for when it is either too young or too old, it 
will not be ſo durable. It is ſaid that oak ſhould 
not be cut under ſixty years old, nor above two 
hundred ; whether this is right or not, it is very 
certain that all timbers ſhould be cut in their prime 
and nearly when full grown, and before they be- 
gin to decay ; that will be ſooner or later according 
to the dryneſs or moiſtneſs of the ſoil in which they 
grow, as alſo according to the bigneſs of the trees, 
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and the kind of timber: there is therefore no certain 
rule to go by in felling of timber, but experience and 
judgment muſt direct here as well as in many more caſes, 


Method of computing the ſtrength of Scantlings, 


Mr. Parent is the firſt that we know, who has treated 
this ſubject in a ſcientific manner; and in order to en- 
force his demonſtrations, he made ſeveral experi. 
ments, with various ſcantlings of oak and fir, by 
which he found that the ſtrength of an oaken ſcantling 
is to the ſtrength of a fir ſcantling of the ſame ſize az 
5 is to 6: fo that, according to this experiment, fir 
wood is ſtronger than oak. Mr. Belidor has after him 
treated the ſame ſubject, and made likewile ſeveral 
experiments with oaken ſcantlings; but as to thy ex- 
periment in reſpect to oak and fir, he took the forego- 
ing proportion for granted. The ſame opinion, that | 
fir is ſtronger than oak, has prevailed here; for, ac- 
cording to Langley, there was an act of parliament made, 
after the great fire in London, to ſettle the dimenſions 
of ſcantlings, in which thoſe of oak are always larger 
than thoſe of ir. But as this appeared to me contrary 
to ſenſe and reaſon, I reſolved to try the experiment 
myſelf, and found exactly the contrary, as will be ſcen 
hereafter. As Mr. Parent was a man of veracity and 
character, we cannot imagine that he affirmed but 
what he really found; his oak muſt have been 
weaker and the fir ſtronger than any I have met with, 
which led him into this error, 


PROBLEM I. 


Jo determine the ſtrength of a ſeantling whoſe di- 
menfions are given, Plate VI. Fig. 1. 


- We ſuppoſe that all the fibres of the wood are ſtrait, 
and of the ſame ſtrength in its weakeſt part, that is 
where it breaks; for it is no matter how they are elſe- 

where ; 
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where; and that the fibres are the ſame in the ſame 
fort of wood : altho' this is not ſtrictly true, yet it is 
ſufficiently near in practice ſo as to cauſe no ſenſible 
error. 

Suppoſe the ſcantling AB C to be ſupported in the 
middle D, by the edge of a triangular block R, and 
two equal bodies, P, Q to be ſuſpended at A and C, 
equally diſtant from the middle B, of ſuch a weight as 
jult to break the ſcantling. | 

It is evident that the weights P and Q will cauſe 
che ſcantling to bend at firſt fo as to make a kind of a 
curvilinear angle at B, and then to break in that place, 
in a ſection B D perpendicular to either of the ſides 
AC: now as the power or force of theſe weights is 
more or leſs, according as they are {uſpended farther 
from or nearer to the point fix D; theſe forces will 
therefore be in proportion to the products of the 
| weights, each multiplied by its reſpective diſtance from 
the ſection BD; or, becauſe the weights and diſtances 
are here ſuppoſed equal, twice the product of one of the 
weights P, multiplied by its diſtance from the ſection 
BD, will expreſs the force of theſe two weights, 


Having determined the force of the weights, we are 


now to determine the reſiſtance or ſtrength of the 
wood, which is done in the following manner. Let 
| 8c6 repreſent the ſection of the ſcantling, it is evident 
that this area repreſents the ſum of all the fibres to be 
torn or broken; and*as they are all equal and of the 
lame ſtrength by ſuppoſition, this area will expreſs the 
ſum of the ſtrength of all the fibres: but as the point 
D, or the baſe @ 6ü of the ſection is fix, and the di- 
rections of the fibres perpendicular to the area 4 c b, 
the force of reſiſtance of each fibre is equal to the pro- 
duct of its ſtrength multiplied by its diſtance from the 
baſe a ): and therefore the ſum of all the fibres placed 
In the ſame line 4f, parallel to the baſe 2 5, multiplied 
by their diſtance a d, from that baſe 2 b, will expreſs 
their momentum or reſiſtance, What has been proved 
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in regard to all the fibres placed in the line df, iz 
equally true of all thoſe placed in any other line para]. 
lel to the baſe a5: arid therefore the ſum of all theſe 
products will expreſs the total ſtrength or reſiſtance of 
the wood, But by a noted property of the center of 
gravity, the product of the area ac B, multiplied by the 
diſtance of its center of gravity from the baſe à b, will 
expreſs the total ſtrength or reſiſtance of all the fibres, 
or that of the whole ſcantling. Conſequently, having the 
ſtrength of any ſcantling of the ſame wood determined 
by experiment, that of any other may be found. 

Fig. 2. If the ſcantling AC be ſupported at both 
ends by the triangular blocks P, Q, and the weight 
W, hanging in the middle B; then if we ſuppoſe the 
weights P and Qin the laſt figure to repreſent the 

locks P and Q in this, and as each block ſupports 
half the weight W ; it is evident, that the weight W, 
multiplied by the diſtance AB or BC, will expreſs itz 
momentum or force. | 1 


The ſame otherwiſe. 


Since the weight W is ſuſpended in the middle be- 
tween the point fix, it is evident that each block ſup- 
ports exactly half the weight; and as the power or force 
of this weight on the blocks P, Q is as the product of 
half the weight, multiplied by the diſtance AB or BC 
of its direction from the point fix: It follows, that the 
hole force of this weight is as twice the product of 
half the weight W, multiplied by AB or BC; or as 
the whole weight W, multiplied by the diftance AB, 
or BC. Krone eine Dorian way. 


Hence, if the length AC of the ſcantling between 
the points fx, A, C, be c; the area of the ſection s; the 
diſtance of its center of gravity, from the baſe 4, and 
the weight W, w; then will Z cw expreſs the force of 
the weight W, and ds the ſtrength of the ſcantling : 
: ee - C2 We 
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therefore the momentum of the weight is to the mo- 
mentum of the ſcantling as + c is to ds; or as w is 


245 4 : 2 . 24s 
to ; or if this ratio be given w = . 
1 


From whence we may draw ſeveral uſeful conſe- 
quences, 1. The ſtrengths of two ſcantlings of the 
| WH {ame wood, and of different dimenſions, or which is 
the ſame, the weights they will bear, are to each other 
as the products of their ſections, multiplied by the diſ- 
1 tances of the centers of gravity, from the baſe, divided 
by their lengths, | 
h 2. The ſtrengths of two ſcantlings of the ſame wood, 
t which have the ſame length; are as the products of 
e their ſections multiplied by the diſtances of their centers 
e of gravity from the baſe. 
ts 3. The ſtrengths of two ſcantlings of the ſame wood, 
, which have equal ſections, are as the diſtances of their 
centers of gravity, divided by their lengths. 

4. The ſtrengths of ſcantlings of the ſame wood, 
whoſe diſtances of the centers of gravity of their ſec- 
tions from the baſe are equal, will be to each other as 
their ſections divided by their lengths. 

N. B. We have taken no notice of the parts of the 
ſcantlings at each end, which are beyond the points 
A, C, and which ſerve to ſupport them on the blocks; 
for they cauſe no difference in reſpect to their ſtrength: 
the ſame thing may be ſaid in reſpect to the weights of 
the ſcantlings, which are ſo ſmall in proportion to the 
weights they bear, that there is no occaſion to conſider 
them; becauſe there is no geometrical exactneſs re- | 
quired, nor can be attained in practice. It may alſo be ; 
obſerved, that when the weight hangs between the point [ 
fix, the baſe to which the diſtance of the centc: of gra- ll 
vity is referred, is the upper ſurface A C; ſince it muſt 4 
open and break firſt at the lower D; whereas, when the j 
point fix is between the weight, as in the firſt figure, it 
1s the lower ſurface, — © 
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COR. II. 


Fig. 2. If the ſection of the ſcantling AC be a 
rectangle placed flat on one of its ſides, which we call 
b, and its height or other ſide a; then will a, expreſs 
the area of the ſection; and the diſtance d of its cen- 
ter of gravity from the upper baſe will be +a; there- 
fore the equality found in the firſt corollary, 


24s a n 
wW—=——, becomes here u 3 Which ſhews, 
: | 


c 
that the ſtrengib of a reflangular ſcantling, laying flat on 
one of its ſides, is as the product of the ſquare of its beight 
multiplied by its baſe, and divided by its length. 

Hence, a deal board of an inch thick and ten inches 
broad, being placed on its flat ſide, and then on its 
narrow fide, the force in the firſt caſe will be to the 
force in the ſecond, as unity is to 10. For the force 
in the firſt caſe will be as 10 multiplied by the ſquare 
of unity, and in the ſecond as unity multiplied by the 
ſquare of 10; that is, as 10 is to 100; or as unity to 
10. So that if it bears 30 pounds when it lies flat, it 
will bear 500 when it lies on the narrow fide, 

This is the reaſon that all timbers in buildings 
are always placed on the ſmalleſt fide z becauſe they 
will by this means bear a greater weight, than if they 
were placed otherwiſe; and therefore ſave a good deal 
of timber ; and this in proportion as they are made 
higher. +» 


EXAMPLE. 


We may from hence likewiſe find, whether the pro- 
portions of ſcantlings commonly given by carpenters 
are right according to their length ; for which we ſhall 
chooſe the dimenſions of fir girders as appointed by 
act of parliament, after the great fire of London; which 
are as follows. f 
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If we ſuppoſe, that the di- 
menſions of any one of theſe ſcant- 10 8 10 
lings be right, as for example that OT 4 
of 10 feet long; then we may fine E. 
thoſe of any other, whoſe length is 14 9. 10.8 
given, in this manner. Since theſe | 16 | 9.5 [10.5 


([Lengith[Breadth Height þ 


ſcantlings ought to bear the ſame 1810611 
weight or to be equally ſtrong, the N Nr 
roduct of the ſquare 100 of the — — 
height multiplied by the baſe 8, 22. 1.813 
gives 800, which being divided by 24 | 12 | 14 


the length 10 feet or 120 inches, 
gives , which expreſſes the ſtrength of the given 


ſcantling, and therefore muſt be equal to the dimen- 
aab 


— — 2 0 
x _ - od. 


ſions of any other; 


| c | 
If we ſuppoſe the length c to be 12 feet or 144 
inches, and the height 4, 10 inches; then by ſub- 


ſtiruting theſe values into the laſt equality, it becomes 
b 
* 175 z and if 20 be multiplied by 144, and 3 
4 
by 100; the former product divided by the latter 
gives 9. '6 inches for the bale &, of the ſcantling ; which 


Is 1.1 inches more than that above. 


In the ſame manner may be tound the dimenſions of 
all the other ſcantlings, whoſe lengths and heights are 


the ſame, which gives the tollowing table. 


The breadths of the ſame ſcant- 


lings being compared, it appears 12 —— 2 
that thoſe whole lengths are 12, 18. 8-120 
14, 16, 18, 20, are too little in 12 [9.6] 10 | 
the former table, and thoſe of [14 10.110. 5 
22 and 24 feet long, too great : Ye 1 
which ſhews that practice alone 3 — 2 
not ſufficient to determine the prö- 18 Ee 
per ſize of ſcantlings; and that | 20 | It | 12 

without the application of mathe- | 22 | 9 | 13 

matical principles, no great 1m- 24 | 0-8 14 | 


provement can be expected in any 


mechanical 


1.48 
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| 
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mechanical art whatever; notwichſtanding what igno- 
rant work men inſinuate. 
As to the dimenſions of oak ſcantlings given by 
workmen, we ſhall not compare them, till we have 
iven the following experiments, we made with great 
accuracy, and upon which the reader may depend. 


EXPERIMENT, I. 


The ſticks vſed in this experiment were 24.5 inches 
Jong from one end to the other, and half an inch 
ſquare; they were laid on two truſſes well ſquared, and 
ſtood 20 inches diſtant from each other; ſo that the 
length of the ſticks is to be conſidered as no more 
than 20 inches, the remaining part ſerving only to reſt 
upon; the weights were ſuſpended in the middle by a 
ſtring, ſuch as juſt to break the ſticks, and are as 
marked underneath: 


Two dry oak ſticks j 55 lb. 


A dry fir ſtick 46. 
A dry elm ſtick 31. 

The firſt oak ſtick ſeems to have been thoroughly 
dry, 1 had it from the dock, and likely was taken out 
of an old ſhip ; the ſecond I had out of the warren as 
dry as could be had; the grain of the wood was ſtrait 
in Ac but that of the firſt was finer than that of the 


ſecond, and of a deeper colour, which, if I am not 


mikaken, denotes, that the tree was in its prime when 
felled. 


The fir ſtick did not bend ſo much before it broke 
as the oak; it was of the reddiſh kind, and the ſtrongeſt 


that could be found. As to the elm it bent very much 


before it broke; and as this laſt is ſo weak, we did not 
think proper to try any more of it in the following ex- 
periments. 


E X- 
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EXPERIMENT II. 
Two oak ſticks cut out of an old axle-tree | 55 15. 


Lo Jia: 54. 
An oak ſtick cut out of a ſpoke of a wheel 56.5. 


| 36.5. 
Three fir ſticks out of the ſame piece ö 36. 


A fir ſtick of an equal ſection, whoſe baſe | 
and height were as 2 to 3, +298 

The oak ſticks in this experiment had a coarſer 
grain than thoſe in the former, and ſeem to have been 
of an older tree; as to the fir ſticks no difference could 
be perceived, either in the grain, colour, or any thing 
elſe, from the former. 

By theſe experiments it plainly appears, that oak is 
ſtronger than fir, contrary to thoſe made by Mr. Parent, 
and common practice: for the weakeſt oak is ſtronger 
than the ſtrongeſt fir in the firſt experiment, in pro- 
portion as 25 to 23.: But thoſe in the ſecond experi- 
ment, make a much greater difference, viz. as 54 to 
363 or as 3 to 2: And if the ſtrongeſt oak ſtick in 
the firſt experiment be compared to the ſtrongeſt fir; 
the proportion will be as 69 to 46; or as 23 to 15 4; 
or as 3 to 23 that is the ſame as before, Which is 
very conſiderable, and therefore deſerves to be taken 
notice of. 

As the ſtrength-of the ſame kind of wood varies 
very much, it is impoſſible ever to come to an exact 
knowlege of the juſt proportion between the ſtrength 
of oak and fir; but we are certain that oak is the 
ſtrongeſt of the two. 

As the leaſt proportion we have found, viz. that of 2 
to 23, is very nearly equal to that of 9 to 8; ſo by 
making the oak ſcantlings leſs in that proportion, there 
will be np danger of their being too ſmall, only it muſt 
be noted; that oak ought to have been cut a twelve. 
month Þefore it is uſed, as we have oblerved before, 


whereas 
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whereas fir does not require above fix months ſeaſon. 
in 

* Bs the laſt fir ſtick had the ſame length, and an 
equal ſection with the others, it is plain that its ſtrength 
is to that of one of the others, as the height of the firſt 
is to the height of the ſecond, by what has been proved 
before: and if x be the height of the Laſt ſtick, then 


will 7 be its baſe, and = 


b are each + or .5,' we have 


= a 6, or becauſe a and 


2 * * 


2.253 Or X * = 


3753 whoſe ſquare root gives x . 611, or 6 nearly; 
that is, the ſtrength of the laſt ſtick is to that of any of 
the former as 6 is to 5: Now if we ſay as 6 is to 5, fo 
is the weight 42.5, this ſtick bore, to the weight 35.4 
nearly, whereas it bore the weight of 36 pounds; this 
difference is inconſiderable, conſidering that the weight 
cannot be ſo nicely obſerved, to come within 2 or 3 
ounces; and beſides, the Ricks were not ſo exact! 
of the given dimenſions, as that no difference might 
eriſe from thence. So that this experiment, conſider- 
ing ſo ſmall a difference, anſwered the theory pretty 
nearly. 

Having determined the proportion between the 
ſtrength of oak and fir ſcantlings, it remains now to 
determine the dimenſions of oak girders, from thoſe of 
fir; in which we ſuppoſe that a ſcantling of fir, being 
10 feet in length, 8 inches in breadth, and 10 
high, is ſufficiently ſtrong, and from thence all the 


ſucceeding ones both of fir and oak have been deter- 
mined. 


Rs TABLE 
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TABLE I. Containing the dimenſions of girders, 


The lengths are expreſſed in feet, and the breadths 
and heights in inches, 


r OAK 
| | Length\Breadth] Height | l Length|Breadth| Height 
10 8 | 10 10 7 10 
128 | 11 127 | 11 | 
24g jui [uf 
169 [11.9] | 16] 8 {111.9 
(48 | 10 | 12 | 18 | 9 11.9 
2010 12.6 20 | 9 12.5 
22 | 11 12.6 22 10 |12.5| 
24 | 11 13.2 | 24 | 10 | x3 | 18 
ab 


5 | 4 a 
For, according to the equality w = 


10 ee or 120 inches, a= 10, 52 


ö 42 4 6 a | 
then will »= 7 3 and 2 = 5 now if c = 12 


feet or 144 inches, þ =8 ; then will *? = 5 or 


144 
aa = 120, whoſe ſquare root is 11 nearly, for the 
ſquare of 11 is 121. In the ſame manner are found 
all the fir ſcantlings : And if we reduce , in the pro- 
portion as 9 to 8; we ſhall have y for the ſtrength 


PO adb 
of oak ſcantlings : that is & = _ 


74 4 


120 
or 4 4 = 101, whoſe ſquare root is 10 nearly; which 
is the ſame as in the table; the reſt of the oak ſcant- 
lings are found in the ſame manner, 


"—_ TABLE 


Hence if c = 10 feet, þ = 7; then will r = 


—_— — dh a. 
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TABLE II. Containing the dimenſions of fir 
joiſts common and trimming. 


Common. Trimming. 
[Length Breadth|Height DD 

6 | 2 8 [EE 
| 8 | 2.5 | 8.2 | 6.1.3.]2.6 ; 
2 3 8 7_13-5| 7-6 
$.20 1.3 4 8 | 4 | 7.6 
| 11 |3.5|8.1 | 9. |4-5| 7.6 
FEXS 1-4'1-87; 10 5 7.6 


P 


The dimenſions of the firſt ſcantlings in each table, 
are ſuppoſed to be of a ſufficient ſtrength, and the reſt 
are from thence determined. For if c = 6 feet or 72 
inches, 5 = 2, and a = 8; then will 5 — . 

1 
2.540 
| 96 

or 4 a = 68.26, whoſe ſquare root is 8.2; the ſame 
as above. : 
But if we ſuppoſe that c= 5 feet, þ g, anda =; 

: b 8 
then will 42 = —_ „ by which the ſecond table is con- 


ſtructed. For if c = 6 feet, Þ = g; then will 4% = 


and if c = 8 feet, þ = 2.5; then will iS = 


157 or 44 = 58 z whole ſquare root is 7.6 nearly. 


TABLE 


* 
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TABLE III. Containing the dimenſions of fir 
bridging joiſts, 


In ſmall Buildings. In large Buildings. 


— Bre auth Height | Length|Breaath Height 
j 6 [2.5] 5 | 6 | 3 | 544 
7 12:51 5:5] 7-13-18. 
8 2.8.9 8 | 3 6.2 
r 5.6 | 9 | 3 | 6.6 
io | 3 6 10 3 | 6.7 
ii] 36.2 11 | 3.5 | 6.8 
1213 Le. 12 | 3.5 | 7-1 
If we ſuppoſe that c = 6 feet, += 2.5, @= 5, then will 
132 = = by which the ſecond table is conſtructed; 


and if £=6 feet, b = 3, a= 5.4, then will 7-29 —.— 
85 » by which the ſecond table is conſtrued. It may 


be obſerved, that carpenters always allow larger ſcant- 
lings in large buildings than in ſmall ones, and they 
muſt be ſtronger than barely to ſupport the weight they 
are to ſuſtain. 

N. B. The reader will find the ſeveral names of the 
timbers mentioned in theſe tables explained in the latter 
part of this work, where we treat of timber frames 
and roofings. 
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TABLE IV. Containing the dimenſions of tie · beams. 


Fir. 1810.3 . 
(Length Breadth) Height | Length]Breadtb Height | 
12 6 |8 | 12 5 8.2 | 
16| 7 [85 16] 687] 
20 | 7 | 9.5 20 6 [9.7 | 
, 24 2 d. 4 24 | 6 10.6 
28 | 8 10. 28 | 7 110.6 
32 | 8 111.3] 32 |_7_ 11.3 
36} 8 | 12 | 367 12 
'40 | 9 | 12 | 408 12 
44 | 9 [1243] [441 8 12. 
By following the ſame method as before, we fhall 


| 3 | e 
find 4 = . for the equation by which the firſt 


table is conſtructed; and-4 = — nearly, for that by 
which the ſecond is conſtructed. 


TABLE V. Containing the dimenſions of the 
principal rafters. 


Of Fir. Of Oak. © 
} Lengtb]Breadrh| Height | | Length|Breaoth|Height | 
118 4 [5:5 "38 7.2 5:3] 
(20+ ſ[6if f2el4 [57 
P22 | 4 [64 22 4 | 6 
| 24 A a-& 1244 |6.3 | 
126 | 5 | 6.2 264 [6.8 
28 5 [63 [28] 4 [6.8] 
3 | 5 [6.7 30 4 2 
132 | 5 [6g] 2 8. 
343 |7.1} |} 34l 5 |6:7 
36 | 5 [7:3] |36| 5|69] 
38 | 5 |7-5| 'j381 5 [71] 
40 t 5 17-7 40] 5 [7-31 
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Authors give various dimenſions to the principal 


rafters z Mr. Smith gives one fort, Mr. Price another, 
and Mr. Langley will have them to be ſtronger at 


the bottom than above; but his is not followed by 


any workmen, as I am told. Beſides, Mr. Price ſays; 


that they ſhould be ſtronger in large buildings than in 
{mall ones, although of the ſame length. I ice no rea- 
ſon for any ſuch practice; their ſtrength ought rather 
to he in proportion to the weight of the covering, and 
to the diſtances they are from each other. As aubzzors 
do not agree in regard to the ſtrength of rafters, we 
| have chofen a medium between them, for the dimen- 


| ſions of the firſt ſcantling of each table. 


TABLE VI. Containing the dimenſions of 


{mall rafters. 
LT p 7 OF Or. 
Length [Breadth Neigh | Length |5readth — — 
EEE l 
110 | 2.4 4-9 | 10 | 2.3 4+7 | 
n 11 2.5 5 | ir |2.4 4.8 
12 2.6 6.2 12 42.51 5 
[13 [2.7 4] [i322 
| 14 | 2.8 5.5 14 |2.6|5.3} 
15 | 2.8 | 5.6 | 15.] 2-7 | 5-4 
[6 |2.9 |5$| | | 16 | 2.8 x | 
1172.9 5.9 17 2.8 [5.6 
ENI... 21 IN 2:91 5.8 } 
29:13 1:64} [2x9] 3 | 5:8 
20 | 3.1 6:2 l2ol 3 | 6 


Theſe are the tables commonly given by carpenters 


and architects, concerning the dimenſions of ſcantlings; 
but as their exactneſs depends on the dimenſions taken 
out of other authors, of the firſt ſcantling of each ta- 

| G 2 | ble, 
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ble, fo if they are not right, all the reſt are like. 
wiſe falſe ; but as we always took the ſhorteſt, which 
are the likelieſt to have been uſed, and found to be of 
a ſufficient ſtrength, it is preſumed that the other ſcant- 
kngs given here are all ſtrong enough, and perhaps 
move 10 than they need to be. | 


EXAMPLE I. 


Hz. 35. Let a rectangular ſcantling be placed edge. 
ways, ſo that BD be the diagonal, and let the ſides 
ſill be repreſented by a, and 3; then will 4= 


xV aa+6b; and therefore the equation w = be- 


2abd. 


comes ww = 7 in this caſe; and fince d or the dia- 


gonal BD is greater than any one of the ſides, the 
ſcantling will bear a greater weight in this poſition, 
than if it were placed flat on one of the ſides : but as 
wood will yield at the point B, by the force of the 
weight ſuſpended there, the ſtrength will be found 
ſomething leſs than is expreſſed by this equation. 


| 


EXAMPLE. 
Let the ſection of the ſcantling be a circle, whole 
diameter is 4, and area 3; then will w] = — be the 


equation; which ſhews that the force of a cylindric 
ſcantling is expreſſed by the area of its ſection, multi- 
plied by its diameter, and divided by its length ; and 
therefore is to the force of a ſcantling whoſe ſection is 
the circumſcribed ſquare, as the area of the circle to 
| that of the circumſcribed ſquare. 
It is alſo manifeſt, that the ſtrength of a triangulat 
fcantling, when laid flat on the baſe, is double the 
ſtrength when the edge is undermoſt, ſo as the baſe be 


parallel to the horizon. For the diſtance of the * 


Q © (OO 


| 


problem, 
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of gravity from the baſe is half the diſtance of that 
center from the vertex. 


PROBLEM II. 


To find the weight a ſeantling AC will bear, when 


1 us . auy where between the points A and 
r 


Since the block P, which is neareſt to the point of 
ſuſpenſion B, ſupports a greater part of the 8 
than the block Q, which 1s fartheſt from it, we are 


to find the parts of the weight which, each bears, in 


order to ſolve the problem. By the known rules of 


mechanics, the whole length AC of the ſcantling 


is to any part AB or BC, as the whole, weight W is 
to the part ſupported by the block Q or P. If chere 


fore we call AB, m, BC, =, and the reſt as before, 


we have c= 0: rain the part ſupported by 


mW 


the block P; and cm: : W. e che part ſup- 


ported by the block Q: "whence theſe weights being 


Adept by their reſpective diſtances AB, BC, give 


nmW nmWw 
7 * , for their momentums, | and: 1 wn 


2 


muſt be equal to the ſtrength e ds of the wood 


c 
by problem the firſt, which gives — d 5, or 


0 = —— for the weight required. 


2 nm 


It we ſuppoſe the weight to be ſuſpended in the 
middle, then will » =m = 3c; and the laſt equation 


babe 0 = =; which is the ſame as in the firſt 


„ ena If 
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ble, ſo if they are not right, all the reſt are like. 
wiſe falſe ; but as we always took the ſhorteſt, which 
are the likelieſt to have been uſed, and found to be of 
a ſufficient ſtrength, it is preſumed that the other ſcant. 


kngs given here are all ſtrong enough, and perhaps 
more ſo than they need to be. 


EXAMPLE II. 


FEZ. 3. Let a rectangular ſcantling be placed edge. 
ways, ſo that B D be the diagonal, and let the ſides 
ſtill be repreſented by a, and 3; then will 4 = 

2.d 5 


iV aa+bb; and therefore the equation w * 
comes ww = 2494 in this caſe; and ſince d or the dia- 


6 

gonal BD is greater than any one of the ſides, the 
ſcantling will bear a greater weight in this poſition, 
than if it were placed flat on one of the ſides: but as 
wood will yield at the point B, by the force of the 
weight ſuſpended there, the ſtrength will be found 
ſomething leſs than is expreſſed by this equation. 


EXAMPLE. 
Let the ſection of the ſcantling be a circle, whole 


diameter is a, and area 3; then will w = _ be the 
equation; which ſhews that the force of a cylindric 
ſcantling is expreſſed by the area of its ſection, multi- 
plied by its diameter, and divided by its length ; and 


therefore is to the force of a ſcantling whoſe ſection is 
the circumſcribed ſquare, as the area of the circle to 


that of the circumſcribed ſquare. 

It is alſo manifeſt, that the ſtrength of a triangulat 
fcantling, when laid flat on the baſe, is double the 
ſtrength when the edge is undermoſt, fo as the baſe be 


parallel. to the horizon. For the diſtance of the * 


| 
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| 
| 
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of gravity from the baſe is half the diſtance of that 
center from the vertex. | | 


PROBLEM H. 


To find the weight a ſcantling AC will bear, when 
it 1s ſuſpended any where between the points A and 
oy I 5 | 
Since the block P, which is neareſt to the point of 

ſuſpenſion B, ſupports a greater part of the weight 

than the block Q, which is fartheſt from it, we are 


to find the parts of the weight which each bears, in 


order to ſolve the problem. By the known. rules of 
mechanics, the whole length AC of the ſcantling 
is to any part AB or BC, as the whole, weight W is 
to the part ſupported by the block Q or P. If chere 
fore we call AB, m, BC, a, and the reſt as before, 
we have £:#::W: — = to the part ſupported by 
the block P; and ::: ; = = to. the, part ſup- 
ported by the block Q: whence theſe weights being 
multiplied by their reſpective diſtances AB, BC, give 


In HMYW 


. for their momentums, and the ſum 
== muſt be equal to the ſtrength ds of the wood 
21mw 


by problem the firſt, which gives r e d 5, or 


* 
1 


4 | ; 
W = 2 for the weight required. 
2 um | 


If we ſuppoſe the weight to be ſuſpended in the 
middle, then will »=m = c; and the laſt equation 
becomes, w = =, which is the ſame as in the firſt 
problem, _ | 
Wy .-- If 


17 

* 

I 

I ; 
172 
4 
1 
” 


N 
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If the pie AC is rectangular, and i dec be 
b, altitude a; then will a5 , and d = 2 43 theſe 
values being inſtituted into the equality above, give 


aabc | 
W = . AS ---1 | 
411 | 
Since, when the weight is ſuſpended in the middle, 
| 4 46 
we have w = 5% it is evident, that the ſtrength 


of the ſcantling when the weight is ſuſpended in the 
middle, is to the ſtrength of the {ame ſcantling when 
the weight is ſuſpended ñearer to one end than the other, 
as 47 is to cc: Conſequently the weight any ſcant- 
ling will bear, when ſuſpended in the middle, being 

Kagel the weight which that ſcantling would rg 


at any diſtance: from either end, may be found by che 
laſt Pere | 


4 2¹ 11e EX AMPLE, | 24 5 


Let A Cube 20 inches, and the. ſection half an inch 
ſquare ; ſuppoſe the ſcantling to be of fir, ſuch as we 
uſed in the ſecond experiment; which bore 36 pounds ; 


$90 let AB bp 5 ern hes Ry fe BC be, 1955 bene 


— A K 4 


9 


either e 


This ſhews, that in buildings it ſhould, By avoided 
as much as poſſible to place the weight in the middle 


of a beam, ſuch as king-poltsare' in roofs ;1ahd-there- 


fore it is more advantageous to uſe prick-poſts inſtead 
of king-poſts : this is Jikewiſe What carpenters do in 
moſt, buildings where there is no partition wall to ſup- 
Port the beam i in the middle. 
Fig. 4. It may hkewiſe be obſerved, that a ſcant- 
log ACiof the fame ſtrength with the former, will 
bear two weights W, W, each of 48 pounds, when 
Meir Ciſtanget AE, F ahm the ends are g inches: 


this 


— oo. oe ww a Rx un 


—— NS 
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this appears plain from the foregoing example, becauſe 
theſe weights will cauſe the ſcantling to break in two 
laces. 

Mr. Parent is the firſt we know that 155 ſhewn how 
to cut the ſtrongeſt ſcantling poſſible out of à given 
tree. As this may be uſcful in practice, becauſe timber 
merchants are ſenſible that the ſquare is the greateſt 
figure that can be inſcribed in a given circle, and for 
which reaſon they chuſe to make all their timbers 
ſquare, as being moſt advantageous to them, we ſhall 
inſert the following. 


” PROBLEM III. 


Let AF BE be the ctreumference of à tree ont of 
zohich it is propoſed to cut the ſtrongeſt rectangu- 
lar ſcantling that is Poſſible. Fig. 8. 


Draw the diameter DG, at right angles to the paral- 
* ſides AE, BE, interſecting AE in P; then, be- 
cauſe. the ſtrength of the ſcantling | is expreſſed by AE 
* AE x AF, as has been proved in the firſt problem; 
but, by the property of the circle, we have APE = 
DPX PG, and AF = 2 CP; therefore the ſtrength 
of the ſcantling will likewiſe be expreſſed by 8 D P 

PG x CP; now becauſe this expreſſion is the greateſt 
of all poſſible, when the ſquare of CP is one third of 

the ſquare of C Dy by article 247 of our Elements of 
Mathematics , or, which is the ſame, when the ſquare 
of the baſe AF is one half of the ſquare of the altitude 
AE; for becauſe the ſum of the ſquares of CP and 
PA is equal to the ſquare of the radius CD, by the 
property of the circle: and therefore, if the ſquare of 
CP is one third, the ſquare of P A will be the two 
© thirds: of that ſquare ; ; conſequently the ſquare of 
AP muſt be double the ſquare of CP, or the ſquare 


of AE double the ſquare of AF. 
G 4 CON. 


4 
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CONSTRUCTION; 


Fig. 7. Divide the diameter AB of the tree into 
three equal parts at C and D; and from the points C 
and D of diviſion, draw DE perpendicular above, 
and CF below the diameter; then, if the points of 
interſections E, F, of theſe lines and the circumfe. 
rence are joined to the extremities A, B of the diame- 
ter, the rectangle AE BF will be the greateſt that can 
be inſcribed in that circle. bake. 

For becauſe AD is two thirds, and DB one third 
of the diameter AB by conſtruction, the ſquare of 
DE will be two ninths, and the ſquare of AD four 
ninths of the ſquare of the diameter; therefore the 
ſquare of AD is double the ſquare of DE; and by the 


ſimilarity of the triangles ADE, AEB, the ſquare 
of AE is double the ſquare of EB. 


It has been obſerved a great while, that when the 
baſe of a ſcantling is to its height as 5 to 7, that it was 
nearly the ſtrongeſt of all the ſcantlings whoſe ſect ions 
are equal, and inſcribed in a circle; and becauſe the 
ſquare of g is 25, and that of 5 is 49 the former 7 
ing nearly half the latter, exceeding by an unit only; 


this obſervation perfectly agrees with what has been 
proved in the laſt problem. 


"PROBLEM IV. 


Tf a ſcantling be ſupported at the ends by two blocks 
P, Q, not placed in the ſame horizontal line, and 
the weight ſuſpended in the middle, to find the 

frengeh, of this ſcantling. Fig. 9? — 


From the point C in the vertical line, paſſing 
through the edge of the higheſt block Q, draw CE 
Parallel to the horizon, meeting the direction of the 
weight in L, and the vertical line drawn through _ 

| edge 
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edge of the lower block P in E; then becauſe it has 
been proved in the firſt problem, that the weight W, 
multiplied by the diſtance of its direction from one of 
the points fix, expreſſes the momentum or force of that 
weight; that is, WX C L expreſſes the momentum : 
but the force of the wood has likewiſe been proved to 
be as the product of the ſection multiplied by the diſ- 
tance of its center of gravity from the point B; there- 
fore, if we call CE, », and the reſt as before, we ſhall 


have 4+ #»w=ds, by what has been proved before; 


conſequently w = 2 2 


F 
245 | J. 
Hence, becauſe we have w= 5 when the ſcant- 


ling lies horizontally, and c expreſſes its length, the 
ſtrengths of the ſcantling in theſe different poſitions 
are to each other reciprocally as the diſtances of the 
directions of the weight from one of the points fix 
that is, the ſtrength of the ſcantling in this oblique po- 
fition is to its ſtrength in a horizontal poſition, as CB 
is to CL, or as the radius is to the coſine of the incli- 
nation L.CB. | 

For example, if the ſcantling AC bears a weight of 
36 pounds, when placed horizontally, to find what 
weight it will bear when it makes an angle of 15 de- 
grees; Then becauſe the coſine 9659 of that angle is 
to the radius 10000, as the weight 36 is to a fourth 
term, which gives 37.2 pounds nearly. b 

But if the angle of inclination is 60 degrees, then 
becauſe the coſine of this angle is to the radius as 53 is 
to 10, the ſcantling will ſupport a weight 72 double 
the former. Whence it is plain, that as the angle of in- 
clination increaſes, ſo the ſtrength of the ſcantling in- 
creaſes likewiſe; and when that angle becomes a right 
one, or the ſcantling becomes upright, its ſtrength is 
not to be expreſſed. But becauſe the fibres of wood 
are not always ſtraight, and give way when preſſed very 


hard, 
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hard, it is very poſſible to preſs an oprigh ſcantling fo 
as to give way and break. 

This problem is uſeful in finding the reſpective 
ſtrengths of ſcantlings which are joined together, with 
different angles of inclinations; ſuch as in the roofing 
of any building, and thereby ſave unneceſſary expences. 

Fig. 10. It is not ſufficient that the ſtrength of 
amg may be found; there are likewiſe ſome poſi. 
tions that are more advantageous than others, which 
ought likewiſe to be known. For inſtance, let A B C be 
the pitch of a roof, and a ſtrut EF is to be placed 
ſo as to ſupport the rafter AB in the beſt manner: I 
ſay, that when EF is the baſe of an ifoſceles triangle 
AEF, or, which is the ſame, when it makes equal 
angles with the tie- beam AC, and the rafter AB, it is 
in its moſt advantageous poſition ; for the ſtrength of 
this piece is proportional to the diſtance of its direction 
from the point fix A; but the perpendicular drawn 
from the point A to the baſe E F is the greateſt of all 
when the triangle is iſoſceles: conſequently this is the 
beſt poſition that the piece can have. 

But if the ſtrength of the tie-: beam A C 1s to be con · 
ſidered, and there is no party- wall to ſupport it in the 
middle, the cafe is otherwiſe ; for in that caſe the piece 
mult be upright as GH ; becauſe the nearer the Point 
G approaches the point fix C, the leſs ſtrength is re- 
quired to ſupport the piece GH. Hence it is manifeſt, 
that a ſcantling may be moſt advantageoully placed in 
reſpect to its on ſtrength, but not in regard to other 
ſcantlings to which it is joined: and conſequently, in 

the framing of timbers for a building, not only regard 
muſt be had to the ſtrength of the ſcantlings themſelves, 
but likewiſe to choſe to which they are framed, 


—— 
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N PROBLEM th 5 | | i 
7 0 find the flrength of the principal rafters A B, 1 
BC, % as to be proportibal fo that of ' io ties | 
beam AG. 4% a Whoa # = 


Let the baſe of he rafters be , and their hejghn 4 
2x; that is, double the baſe as they are commonly made; 1 
let the bale of the tie- beam AC be b, its altitude a, 1 
and half ics length AD, u; = the ſtrength of the _ 


rafter will be expreſſed. by = —— " by the laſt Problem; 3 | F 


Sn ; 
and. chat of the de bean bi A by the firſt problem | 


x* :.4,4 b 
dircfors 444 22 A3— by oppoſition or 8 as = 20h; 4 
e 2 72 | 


whence the cube root will be 2 * aab., 

Hence, becauſe the length A B. of the rafters does 
nat enter into the equation, it is evident, that whatever 
the pitch is, the cube root ofthe baſe of the tie- beam, 

multiplied by, the ſquare of its height, will always 
giye the height of the rafter. For example, a fir tie- 
beam of 12 feet long 1 is made 6. inches by 8, accard- - 
ing to the tables given before; then. becauſe a=8, 
2 6, we get aa b 384, whoſe cube root is 7.2 
inches nearly, for the height of the rafters; and hence | 
we get 3 6 inches for the, baſe. 

If the beam AC be 24 feet long, then the, baſe is 
7 ang- height 10.4, according to the foregoing tables: 
whence þ = 7, 4 S 10.4; and hence 43 46 = 757.12, | 
whoſe cube root gives g. I inches nearly, for the height, 


and 4.5 for the baſe of the rafters, 

In the true pitch of a roof, the principal rafters are 
the three fourths of the tie-beam, which is here 
ſuppoſed ta be 24 feet long; and therefore the length ; 
of the principal rafters will be 18; and according to | | 
the Inv table, their baſe is 4 and height 5.5 3 which i 

dimenſions 


N 


_ CE —— —— =_ 
K — — — NES — 


works; which the reader ought to be wel 
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dimenſions are therefore in no proportion to that of 
the tie- beams. But then it muſt be conſidered, that 
the / ner always ſupported by ſtruts or uprights, 
which, bearing a part of the roof, ſtrengthens them, 
and weakens the tie- beam. 

Theſe are nearly all the different problems we could 
think of, that may be uſeful in — of timber 

acquainted 
with, if he deſigns to make any progrefs in the art of 
building for what is found in moſt authors on archi. 
tecture, relates chiefly to practice, which alone is not 
fufficient to make any improvements: and it is no 
wonder, that for ſo many ages as architecture has been 
cvltivated, there has been ſo little progreſs mage, ſince 
very few had any knowlege of thoſe parts of the 
mathematics which are neceſſary to be known; and 
therefore I adviſe the reader to make himſelf maſter 
of them, before he enters upon the practice. 

The theory of timber given here is of very great uſe 
both in civil and military architecture, ſince we are 
taught thereby not only how to find the proper ſtrength 
of ſcantlings in reſpect to their length, when placed in 
an horizontal poſition, but likewiſe when framed to- 
gether, according to any angle of inclination; which 
practice alone could never have determined, to any de- 
gree of exactneſs. The entering into all che different 
applications that may happen in practice, would require 


more room than can be allowed in ſo ſmall a tract as 


this; for which reaſon, we ſhall give as much of it 
hereafter as will be ſufficient to young . Ae for 
whom this work has been publiſned. 
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pntaining the Knowlege- of the Mate- 
rials, their Properties, Qualities, and 
Manner of uſing them. 


ing the ſeveral works of a fortreſs, it is neceſſary 
to be particularly acquainted with the ſeveral 
materials of which they are compoſed, in order to diſ- 
8 tinguiſh their good and bad qualities, how to prepare 
and uſe them in the beſt manner, that the works may 


undertakings to be the principal view of an engineer, 
who is anſwerable for its ſucceſs or miſcarriage. This 
he is by no means able to perform without having a 
= thorough knowlege of all the materials of which it is 
compoled. But*as theſe materials differ in their qua- 
lities in different parts of the country where they are to 
be uſed, we ſhall explain firſt their general propernes, 
and afterwards in what they differ in different places, 


SEC T. 1 
Of zhe QuatiTtyY of SToNEs /uch as are 


uſed in BuilDINGs. 
TONES may be diſtinguiſhed into two forts 3 


that is, into hard and ſoft. The hard ſtone is that 
which is expoſed to the open air, ſuch as rocks, and 


3 


$ B we enter into the manner of build- 


be durable and laſting ; which ought in all ſuch great 


m 


= thok which lie looſe upon the ſurface of the earth, and 
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in ſeparate blocks. The ſoft ſtone is that which is found 
in quarries and under ground. It is undoubtedly true, 
that the hardeſt ſtones make the moſt laſting works; 
but as thefe is ſeldom a ſufficient quantity & them to 
build the whole fortification, the beſt ſerve in the fa. 
cings of the works, in the foundations, and wherever 
the works are bathed with water: for as the foundation 
ſupport a great weight, they muſt be made ſtrong ac- 
cordingly, or elſe the works will ſoon be deſtroyed: 
Therefore the outſide of rocks, or the upper ſtones of 
quarries, being the hardeſt, are uſed for that purpoſe, MW 
Altho? the ſtones of ſome quarries are very ſoft and 
eaſily worked when they are freſh taken out, yet when 
expoſed tor ſome time in the open air, they become 
very hard and durable: therefore an engineer, who 
1s employed in any particular place, may at all times 
know by the inhabitants, which of the quarries, if ſeve- 
ral, produces the belt ſtones : he may likewiſe find by 
the buildings of ſome ſtanding, the quality of them. 
This will enable him to reſerve the beſt for ſuch works 
as require molt ſtrength, and the ſofter ſort may be uſed 
in the inſide of the walls: but where there is but one 
quarry, he muſt examine whether ſome part is not bet- 
ter than others. In ſhort, a judicious choice of the 
materials, properly adapted, may render a building 
more laſting, than uſing them promiſcuouſly, as care. 
leſs builders frequently do. 1 
But if it happens that there is no quarry which has 
been opened long enough, ſo as to judge of the good- 
neſs of the ſtones, or where he is obliged to open new 
ones, he ought to expoſe the ſtones for a twelvemonth, 
at leaſt, to the weather, both to heat and cold, before 
he employs them; then, if they do not ſplinter after a 
froſt, or do not moulder into dirt when rubbed, he 
may be aſſured that the ſtone is good; and, on the con- 
trary, if they ſplinter or moulder, it is a certain proof 


of their had quality. 
5 Ty, | Mr, 
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und Mr. Beyle pretends, as he has been informed by 
rue; Nworkmen, that there is a ſap in ſtones as well as in 
ks; amber, by which the ſame ſort of ſtone, and taken out 


to of the ſame quarry, if dug at one ſeaſon, will moulder 


fa. Yaway in a very few winters; whereas, if they are dug 
ver Nat another ſeaſon, it will reſiſt the weather for a great 
on! many years, not to fay ages: but as he does not men- 
ac- tion what ſeaſon is beſt, nor give any reaſon for what he 
d :- advances, ho rule can be gathered from what he ſays, 
of ; We may ſay thus much, that they ſhould always be dug 
ſe, in the ſpring, ſo as they may have time to dry before 
nd the cold weather comes in: for the heat of the ſun will 
en extract the greateſt part of the moiſture, which other- 
ne wile expands in froſty weather, cauſes the ſtone to 
No | ſplinter, as it has been obſerved to do, although the 
es Wi ſtone is otherwiſe hard and good. 

Ex (The ſame author ſays likewiſe, that ſome ſorts of ſtones 
75 vill decay in a few years, and others will not attain their 
n. 


full hardneſs in thirty or forty years, nay even in a much 
longer time; and beſides, that there are quarries in 
E. places of ſolid and uſeful ſtones, that, tho* being 
Y dug at a certain ſeaſon of the year, prove good and laſt- 
ing, yet, when employed in a wrong time, moulder away, 
| and periſh in a few years. That there appears a ſeminal 
12 if I may call it fo, in ſtone, is very probable; but 
what effect it has upon the ſtone when ſeparated from its 
| ſtock, is very uncertain, and therefore cannot be known 


: but by a ſtrict inquiry of a long courſe of practice. 

fi) be manner of drawing the ſtones out of quarries 
requires particular notice to be taken; for almoſt all 
» WH ftones lie in horizontal beds or ſtratas that 1s, they 
= cleave 1 in that direction; and they have likewiſe a break- 
ing one, which is perpendicular to the former; both 


WW which directions muſt be obſerved, The method of 


drawing tones out of quarries is thus: having uncoped 
tit, that is, having removed the earth from the ſtone, 
it muſt be obſerved where it will cleave, and there 
1 in a good many wedges gradually together, till 

it 


— 
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found by experience to be the beſt way of breaking ſtones, 


then the reſt of the cavity is filled with the ſame ſtone 


it is looſened from the rock; which being done, you 
next proceed to break it, which is performed in this 
manner; you mark the breadth of the ſtone with a ruler, 
and then cut a {mall channel, in which a number of 
wedges are drove, from four to ſix inches diſtant from 
each other, {lowly and all together, leſt the ſtone ſhould 
break acroſs, and not according to the mark : but it 
may be obſerved, that this method is not always to be 
uſed, becauſe all the parts of a ſtone are not always of 
an equal hardneſs, but in ſome places it may be hard 
and 1n others ſoft, which is perceived in the cutting 
the channel; and thoſe wedges which are in the ſofter 

tts are drove deeper than the other, in ſuch a man- 
ner that all the wedges may preſs alike. This has been 


Having thus broke them in Ragh, which the ſtone- 
cutters can do, as they pretend, to any ſize within leſs 
than half an inch, which is ſufficient for any rough 
ſtone, then you proceed to break them in breadth in 
the lame manner as before in length. When theſe pre- 
cautions are taken, the firſt expence 1s greater than it 
they were broke any how; but then there is little waſte 
in the (tones, the workmanſhip will be leſs, and ex- 
pences will be ſaved 1n the carriage. 

But when the ſtone is very hard, they will not clthve 
ſo ealily; for the workmen are then obliged to cut a 
pretty deep channel, and fo wide as to lay two iron bars 
in it, and to leave room beſides for the wedges to be 
drove in between them, by which means the ſtones may 
be broken, which could not be done otherwiſe, 

The workmen make at other times uſe of gunpow- 
der to blow them up, which is performed in this man- 
ner: they make a imall hole with a chiſſel, of an inch or 
a little more in diameter, ſometimes vertically, and at 
others horizontally, as is moſt convenient, and as deep 
as they want to blow up ſtones; this hole being cleaned 
clear of all duſt and rubbiſh, they put in ſome powder, 


beat 
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iS beat into duſt, and rammed in as ſtrongly as they can; 
in doing that they place a wire in the middle to preſerve 
Ja vent to ſet fire to the powder, and the rammer is hol- 


low in the middle to receive this wire; this being done, 
and the powder fired, breaks off as much ſtone as they 


W pleaſe; and the pieces are broken into ſuch blocks as are 
& wanted. This way of breaking them is much cheaper 
chan any other, but waſtes a great deal more ſtone, for 
W which reaſon it is never uſed but where it is ſo plenty 
nas that the ſmall pieces are no loſs, and which may ſerve 
as rubble to fill up the inſides of walls. 


There are ſeveral kinds of ſtone ; as marble, fire 


@ ſtone, Purbeck ſtone, rag ſtone, alabaſter, free ſtone, 
and common ſtone : of each we ſhall ſay ſomething 
in their order, | 


Marble is of various colours, as white, black, grey, 


green, ſame varied with ſpots and veins like the roots 
of trees; their nature and uſe are tos well known to 
require any explanation; the marble found in England 
is moſtly black, and ſo very hard and difficult to poliſh, 
that very little uſe is made of it, except to burn and 
make lime, which is frequently done about Plymouth, 
where ſcarcely any other lime is uſed, as I am in- 


formed, | | 
The fire ſtone comes from Reygate, and ſerves chief- 
ly for chimneys, hearths, ovens, and ſtoves, being a 


dry, porous, gritty ſtone, which bears the heat without 
breaking, and it is, I ſuppoſe, on account of this quality 


that it has the name given of fire ſtone, 

_ Purbeck ſtone is a hard greyiſh ſtone, and ſerves 
chiefly for paving, coping of walls, and for all ſuch 
uſes where ſtrength is required, as being the moſt hard 
and durable ſtone, after the Phymonth marble, we know 
15 it is found upon Purbeꝶæ Ifland, near the ſea 
ide. 

Rag ſtone is thatwhich is commonly uſed in paving, 
and is of a blueiſh kind: but there is a ſtone called Ren- 
% rags that are very uſeful in building; they ſplit very 
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eaſily and yet are very hard; a great quantity of this 
ſtone has been uſed in Welminſter bridge; they are 
brought down the river Medway from ſome place nea 
Maidſtone. | 
Alabaſter is a clear whitiſh ſtone, not unlike marble, 

it is very plenty in ſome parts of 7taly, but there i; 
none to be found in England: in ſome parts of Scotland 
it is ſaid to be very plenty, and is much uſed for mak. 
ing lime, which is exceeding good. 

. Free ſtone is that which comes from Portland, an 
iſland near Dc:r/etſhire, and is commonly called Portland 
ſtone : this ſtone is chiefly uſed in and about Londen 
in all great or ſmall buildings; it is a fine whitiſh ſtone 
without any veins, but very dear; for it coſts about 
nine pence a cubic foot upon the ſpet, and 16 cubic 
feet weigh a-ton: this ſtone is very ſoft when it comes 
out of the quarry, works very caſily, and becomes very 
hard in time; the piers and arches at Hef minſter bridge 
are built with it. There is likewiſe a quarry of free 
ſtone at Bath, of which moſt houſes are built there: it 
has a fine whitiſh colour, but I am informed that it is 
not durable, and therefore is not ſo fit for great heavy 
buildings as the Portland ſtone. | 

When the ſtones are drawn out of quarries and only 
roughly ſquared, they are called aſhler; but when they 
are {ſquared and finiſhed, receive other names from the 
ſituation they are placed in. It may be obſerved, that 
when ſtones are laid in the ſame poſition as they are 
found in quarries, that is flat or horizontally, they will 
make better work than if they are laid any other ways, 
and they will cement ſtronger together; this the work- 
men will not always obſerve, unleſs care be taken to 
make them do ſo. 
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S'E CI. II. 
Of BRICKS. 


RICKS are made here of various kinds and co- 
lours, and have various names, as clinkers, ſamel 


| or ſandal, ſtatute bricks, didoron, tetradoron, penta- 
| doron, compals, concave, featheredge, triangular, 
8 cogging, place and ſtock bricks, 


The compaſs bricks are of a circular form, their uſe 


is for ſteening of walls. The concave or hollow bricks 


are like common bricks on one ſide, but on the other 
they have a cavity, ſemi-cilindrical, about three quar- 


ters of an inch deep, and half an inch broad, ſo that if 


two of theſe bricks are placed with their hollows toge- 
ther, they are like a pipe of an inch and a half bore 3 
they are uſually a foot long, 4 + inches broad, and 2 +. 


thick; they are generally laid in clay, and ſerve inſtead 
| of leaden or wooden pipes to conduct water, as being 


much cheaper than any other materials. 

Cogging bricks are moſtly uled in Suſſex, to make 
their work toothing or indeated work under the cope- 
ing of walls built of great bricks : they are about ten 
inches long, 4 broad, and 2 + thick. Copeing bricks 
are about 12 inches ſquare, and 4 thick, flat under- 
neath, and one third above is ſemicircular, and the 
two ends flat. 

Clinkers are nothing elſe than thoſe common bricks 
that lie in the middle of the kiln or clamps, where 
they are ſo much burnt, that they are as if they were 
glazed all over; theſe bricks are always dearer than 
the reſt of the ſame make, and are chiefly uſed in 


| foundations, and facing the walls, eſpecially where 


any water comes near the wall, as being the moſt du- 
rable. 


| H 8 a Didoron 
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Didoron were a ſort of bricks uſed by the ancients, of 
u foot and a half long, and a foot broad, but nearly as 
thin as common tiles, Great bricks are 12 inches long, 
6 broad, and 3 thick ; they are generally uſed in 
fence walls, made with pilaſters or buttreſſes, and in 
copeing. This manner of building walls faves great 
expences, and they will ſtand as long as if they were 
every where of the ſame thickneſs. | 
Paving bricks are made of various ſizes and forms, 
from 6, 8, 10, and 12 inches fquare, and an inch and 
a quarter more or leſs thick; thoſe in the form of an 
hexagon look beſt; they ought to be of good earth and 
thoroughly well burnt, otherwite they will moulder 
away in a ſhort time. 
Place bricks differ not in form, but in the manner of 
making them, being of the common dimenſions, vis. 
9 inches long, 4 + broad, and 2 + thick, as the ſtatute 
rick ; they weigh nearly five pounds each, though 
ſome will weigh 5+; this depends on the quality of the 
earth they are made of,. and on their being well burnt, 
A cubic yard contains about 460 bricks nearly, which 
at five pounds, makes two tons and 300 weight per 
cubic yard. | 
There are two ways of burning bricks, in kilns and 
in clamps; a kiln is a large hole in the form of a re- 
verſed fruſtum of a cone, and is with the leſſer baſe 
below, built with brick, and a ſufficient quantity of 
earth about it to keep the heat in as long as is poſſible; 
the bricks are not laid cloſe together, but leaving 
ſmall diſtances between them, that the heat may pals 
between; and the fire is made underneath, where 
an opening is left for that purpoſe : This way of burn- 
ing bricks is eſteemed the beſt, becauſe the figure 
of the kiln, and the wall about it, are ſuch, that all 
the bricks within are nearly burnt of the ſame hard- 
neſs ; but where there is a great quantity required, it 
takes up much time to burn them, for which reaſon 
they uſe clamps in this caſe ; which is nothing . 
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chan a great ſquare or oblong pile of bricks laid ſo as to 
leave a ſmall interval between them, for the heat to paſs 
to the external parts; about this pile earth, and bricks 


which are not ſufficiently burnt, are laid to keep the 


| heat in. About London, where they have plenty of 


cinders, they throw ſome between each row, which 
helps to burn them much ſooner, and with leſs fire 
than is otherwiſe required. | 

An ingenious brickmaker told me, that he could 
burn bricks as well in clamps as in kilns, provided he 
did it with wood; bur the beſt way of burning bricks 
for a fortreſs is to uſe both kilns and clamps at the ſame 
time, in order to have a ſufficient ſtock of well-burnt 
bricks for the facings and foundations of the walls and 
other buildings. 

A bricklayer with his labourer will lay 1000 bricks 
with eaſe in a day, when the wall is but brick and a half 
or two bricks thick, and therefore he may lay more in 
thick walls; and ſince a cubic yard contains 466 bricks, 
he will lay above two cubic yards in a day; and from 
hence it may be computed how many bricklayers are 
required to finiſh a certain piece of work in any given 
time, . 

An ingenious man, uſed much in brick work, pro- 
poſed a larger kind of bricks for walls to be built in 
water, or in a fortification; their ſize was to be 18 


inches long, 9 broad, and 4.5 thick, and he affirmed 


to have made ſuch bricks in Scotland. But a London 
brickmaker objected againſt them, that they could 
not be managed before they are burnt, as being too 
heavy, and it would be a difficult matter to burn them 
quite through: whether this objection is well grounded 
or not, I ſhall leave to thoſe who are well verſed in this 
buſineſs, | 

It is certain, that if ſuch bricks could be made, they 
would be very ulctul in great works, both 4 3 dry 
ground and in water; for, in the latter caſe, they 
would not require fo much terraſs to lay them in as 
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the ſmall ones, which, being very dear, would ſave 
great expences. The Greeks and Romans uſed bricks 
of 3 feet long and a foot broad in their public build. 
ings, but then they were very thin, that is, about an 


inch and a half thick, as may be ſeen in ſome old. 


buildings, ſuch as the old caſtle at Canterbury; but at 
preſent, brick makers diſapprove all other ſizes but thoſe 


they are uſed to, not caring to go out of their own 
road, 


An engineer told me, that be Joined ſeveral bricks 
together with ſtrong mortar to compoſe as it were 
large ſtones, with which he formed the angles of the 
fortreſs: this muſt certainly make the walls ſtronger 


than by lay ing the bricks ſingly one after another in the 


viual way. 

Ic is my opinion, that bricks might be made of the 
ſize of four common ones joined together, that is 18 
inches long, 9 broad, and 2 4 thick; for as they are 
no thicker than the -uſual ones, they would require 
very little more burning, and ſeveral of theſe being 
cemented together, might ſerve inſtead of ſtone to 
ſtrengthen the wall in thoſe places where it is moſtly 
wanted: I propoſe this only in ſuch places where no 
ſtone js to be had, becauie it is very certain that, 
wherever that can be had, it is much better than 
bricks. 

It has been objected, that bricks will not laſt in ſalt 
water; but by conſulting Mr. Brattg, the maſter brick: 
layer of the ordnance, a man of great practice, he 
told me, that if the bricks were well burnt, ſuch as 
clinkers, and made of the ſame clay without any mix- 
ture, they would laſt as long in ſalt water as any ſtone 
whatſoever; as a proof of which he had built the 
wharfs at Moolwich and Chatham, and beſides, in ſome 
other places they were uſed, and without the leaſt ap- 


_e of any decay, though a good many years 


A friend 
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A friend of mine told me, that he had ſeen piers of 
an harbour at Arles, in the ſouthern parts of France, en- 
tirely built of bricks, and of ſuch an age, that the ſea 
has quite left the harbour, which is now upon dry land. 

There is a kind of bricks called grey ſtock, which 


make a very beautiful appearance in buildings, and 


are chiefly uſed in and about Londen, in all front 
walls which are expoſed to view: The Duke of 
Norfolk's houſe in St. Fames's ſquare is built of a par- 
ticular fort, the moſt beautiful that ever were ſcen, but 
they are very dear. Theſe bricks are made in the coun- 
try, and of a compoſition which I could not learn, it 
being a kind of myſtery known but by a few workmen. 
Mr. Bratte, our maſter bricklayer, ſhewed me ſome 
bricks of a pale whitiſh colour, the fineſt ſort I ever 
ſlaw; they appeared to me, as if they were made of red 
clay mixed with chalk, are very hard, and found like a 
hard ſtone; the inſides of the pieces are very ſmooth, 
without any cavities : If theſe bricks were better 
known, I think they would be preferred to any other 
ſort that I have yet ſeen. : 

The beſt way of making bricks, is to dig the earth 
before winter, and to let it be expoſed to the weather 
during the winterg which mellows the carth very much, 
and ſaves a great deal of labour in preparing it, and 
the bricks ſhould be made in April, May, June, or July, 
for after that ſeaſon the weather grows damp, and then 
they will not burn ſo well; and it is pretended by able 
bricklayers, that bricks ſhould be two years old before 
they are laid, in order to make good work, and no brick 
work ſhould be made after the month of Auguſt; be- 
cauſe the mortar has not time to harden beforethe damp 
weather comes in; by which it peels off, and the works 
require new pointing the very next ſummer, as I have 
been myſelf an eye-witneſs to ſuch works. 0 

As bricks are nothing elſe than artificial ſtones to 
ſupply the want of real ones, there is no doubt but 


their durableneſs depends on the goodneſs of the mate- 
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rials, well mixt, prepared, and well burnt ; and there. 
fore, an engineer that propoſes to make good works, 
mult be very careful in his choice; but the beſt way 
to prevent any impoſition, 1s to have the bricks made 
near the place where the fortreſs is to be built, by {i}. 
ful workmen, where the engineer, or thoſe under 
him, may obſerve the workmen, ſo as to perform their 
work in a proper manner; and the government will 
have them much cheaper than to buy them by con. 
tract, as 1s the cuſtom. | 


SECT. MH 
Of LI M k. 


IME is made of all kinds of ſtones that will 
calcine; that which is made of the hardeſt ſtones 

is the beſt, and the worſt of all is that made of chalk: 
the way of knowing whether a ſtone is calcinous, is to 
take a ſmall piece, the ſize of a walnut, and burn it 
in a common fire, and after it is red hot, to let it cool, 
and then fling ſome water on it, and if it ſmokes and 
diſſolves, it is a ſign that it calcines; but the eaſieſt way 
of knowing upon the ſpot whether a ſtone will cal. 
cine, is to carry a ſmall viol of aqua fortis with you; 
by letting fall a few drops on the ſtone, it will boil and 
diſſolve a part of it if the ſtone will calcine; but if it 
lies upon the ſtone like oil, and does not ferment, you 
may be certain that it will not calcine. | 
I have tried a great many ſorts of ſtone, firſt with 
aqua fortis, and then in the fire, and have found the 
Experiment to anſwer: I was told that free- ſtone, ſuch 
as comes from Portland, would not calcine, bur I 
found the contrary by both experiments: others pre- 
tend that flint and a kind of gritty pebble ſtone make 
the ſtrongeſt lime; but all the trials 1 could _—_ 
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would not calcine themz for which reaſon I am of 
opinion, that they make no lime, and thoſe who pre- 
tend they do, have it only from hearſay, without any 


other proof. 


It is my opinion, that all ſtones that have any me- 
tallic particles in them, and thoſe that will vitrify, will 
never calcine, at leaſt I always found it fo; bur left 
ſhould be miſtaken, I leave it to the chemiſts, and 


thoſe that have an opportunity of making more expe- 


riments than I, to decide it. 

Different counties in England produce different 
kinds of lime- ſtones; in Kent, where there are a great 
many chalk-pits, they make their lime of chalk, and 


the greateſt part of the lime uſed in and about London 


comes from thence, chiefly becauſe of the conveniency 
to bring it by water, which makes it much cheaper 


| than any other that is brought by land: Bur this ſort is 


the very worſt that can be made; it is true, it may 
ſerve very well tor white-waſhing, and other things in 
the inſide of a building; bur as moſt buildings are up- 
on leaſes, people are not ſo nice about the ſtrength and 
goodneſs of the work ; provided it laſts as long as they 
want it, it is ſufficjent. 

I have been informed, that about eight miles from 
Portſmouth, is a chalky rock, pretty hard, that makes 
very good lime, and has been much uſed in building 
the fortification of that place; although the Purbeck 
ſtone which is not a great way of, and the fragments of 
Portland ſtone, make exceeding good lime: I ſuppoſe 
the former lime 1s ufed, not becauſe it 1s better, but 
cheaper than the other, which is a very bad reaſon, ſince 
all public works, which are of great importance, ought 
to be made as ſtrong and durable as is poſſible; for 
what is ſaved by cheapneſs of the materials, is loſt by 
the ſhort ſtanding of the works. 

The beſt lime in any part of England, is that which 
is made of the marble, found near about Plymouth, and 
is very much uſed in all the country thereabouts; the 


Romans 
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Romans and [talians made uſe of no other lime than 
that of marble, in all their great and public build. 
ings, it being the very beſt that can be made, and 
of conſequence, makes the buildings more laſting than 
any other. 

Moſt builders in this country do not ſtand fo much 
upon a good reputation, as to make molt money of 
their works, and few gentlemen enter into the know. 
lege of building, ſo that the works are generally bad- 
ly executed; provided the outſide of walls appear well, 
it is no matter how the reſt is. Whot ſpoils the me- 
thod of making ſtrong and good walls is, that moſt 
houſes in and about London are built upon leaſes, ſo 
that if they but ſtand the number of years propoſed, 
the proprietors are ſatisfied, and give themſelves no 
further trouble; this.cauſes the workmen to make thcir 

work in a ſight and expeditious manner. 
Il am informed, that in moſt parts of Scotland there are 
exceeding good lime-ſtones, and in great quantity, in 
fuch a manner as to ule the ſame ſtone for lime as 
they build with; in ſome parts they have alabaſter, 
which makes as good lime as marble. In Ireland, 
eſpecially about Dublin, lime: ſtones are likewiſe ſo plen- 
ty as.to build with, which makes the beſt work, be- 
cauſe the mortar unites better with the ſtone than it 
the parts were diſſimilar, _ 

An engineer employed in any. part of the country, 
ought to examine all the different {tones to be had there- 
abouts, in order to find that which makes the beſt lime, 
and ought not to chuſe any becauſe it is the - cheapeſt, 
which can ſcarcely be excuſed in private buildings, but 
ſuch as will make the beſt work : and fince lime is the 
very ſoul of good maſonry, it cannot be too good; 
but if it ſhould fo happen that all the lime in the coun- 
try is very bad, he ſhould get as much from other parts 
that is good, as to {erve for the facings of the wall, for 
fourteen or fifteen inches deep; the reſt may be done 
with the cheapeſt ſort, | 
OTE Lime 
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Lime is burnt in kilns much like thoſe of bricks; 
and the ſtones muſt be broke into pieces the bigneſs of 
a fiſt, and more eſpecially ſo when the ſtone is very 
hard; but when they are ſoft, ſuch as chalk, it re- 
quires not ſo much precaution: Care muſt be taken to 
burn it every where alike, and thoroughly; otherwiſe, 


thoſe parts which are not well burnt, will not flaken 


with the reſt, and when the mortar is employed, will 
diſſolve, and diſunite the wall wherever there is any of 
them. | 

There 1s likewiſe lime made of all forts of ſhells of 
ſea iſh, which is eſteemed to be exceeding good, be- 
cauſe it dries and hardens in a ſhort time, for which 
reaſon it is mixt with Dutch terraſs, and uſed in all 
aquatic works; and, as it is much cheaper than terraſs, 
it ſaves great expences. 
It muſt be obſerved, that thoſe ſtones taken out of 
quarries which are damp, make better lime than thoſe 
found above ground and are dry ; it has likewife been 
found, that the dryeſt part of rock, and which is ex- 

ſed to the ſun, will make a different lime from 
that made of the inner part, which is damp and not 
expoſed to the ſup: Therefore an able engineer ſhould 
not only try the outward parts of a rock, or a quarry, 
but likewiſe thoſe parts which are not expoſed to the 
ſun and weather, otherwiſe he may poſlibly reject the 
beſt part as uſeleſs. 


S E QT. IV. 
Of SAND, TERRASS and POZOLAN. 


LTHOUGH there appears very little difference 

in fand, yet there is ſome which being mixt 

with lime makes much better mortar than others: In 
common buildings, they always uſe that which is 
neareſt at hand, and in London they beat the _ 
| 0 


I 


108 PRACTICAL Part If. 


of demoliſhed buildings, and ule. it as ſand ; but in 
works of conſequence, ſuch as thoſe of a fortreſs, ſuch 
a practice ought to be rejected; the beſt materials 
ſhould be uſed in order to make durable work, for 
which reaſon greater precautions muſt be taken; and 
it is for the ſake of thoſe works we intend the follow- 
ing obſervations, 

| The beſt ſand for good mortar is that whoſe grain 
is not too ſmall, which is clear and free from —.— 
particles; for che ſmall- grained ſand has been found 
not ſo good, as being too fine to form a ſolid body 
when mixt with lime. 

The manner of knowing, whether ſand is free from 
earthy particles is, to take ſome and rub. it in your 
hands, and if it makes them dirty, it is a ſure ſign 
that it is not pure, but if it be gritty and leaves no 
dirt behind it is very good. If it ſhould happen that 
no good ſand is to be found near the place where it is 
wanted, the beſt way will be to waſh as much as is re- 


- . quired to make ſtrong mortar, for facing and pointing 


arches, and other ſuch like works; that is, you put a 
good quantity into a tub, and fill it with water, then 
ſtir it well with a ſtick, and let the water run off; 
pour clean water in again, ſtir i it, and let it run out; this 
being continued till the water is pretty clear, your ſand 
will be clean, 

Sand found in rivers is eſteemed the beſt, becauſe it 
is of a pretty coarſe grain, -and moſtly free from mud; 
others will have it that ſand out of the ſea or ſalt wa- 
ter is likewiſe very good; but as for my part, I would 
not chuſe to ule it, where good work 1s to be made, 
becauſe ſalt, if I am not miſtaken, is a bad ingredient 
for mortar ; this will be explained hereafter, 

It has been found by experience, that ſand fhould 
be uſed freſh, and before it has been too much expoſed 
to the air; for it is ſaid, that dry ſand never makes 
good mortar, although mixt with a ſufficient quantity 
of good lime; and therefore when a large quantity 15 
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brought to the place where it is wanted, it ſhould be 
covered ſo as the fun may not ſhine upon it. 

Inſtead of ſand mixt with lime to make mortar, ſe- 
veral other things are uſed, ſuch as cinders, tiles, ſcal- 
ings of iron out of forges ; but theſe ingredients muſt 
be well beat, ſo as to make a fine powder of them. I 
made ſeveral experiments with theſe materials, and 
found when they were well mixt with lime they made 
excellent mortar ; ſome of which being put into joints 
of walls in the month of December, the weather being 

very damp, and others kept in a warm room, made 

up in ſmall balls, that which was expoſed to the air 


dried as ſoon, and grew as hard, as the other; neither 


could I perceive any difference between the mortars made 
of theſe different ingredients, for they grew all equally 
hard nearly at the ſame time, although ſome pretend, 
that the ſcalings of iron make the ſtrongeſt mortar. 

I have been told by a gentleman, that he has ſeen 
mortar, compoſed of ſcalings of iron and common 
lime, to be uſed in ciſterns, and that it grew ſo hard 
that the water could never penetrate it; but it muſt be 
obſerved, that mortar of this kind is worked with very 
little water, in ſych a manner as to become like a 
ſtrong clay. 

There are ſeveral other kinds of powder uſed in 
mortar inſtead of ſand, eſpecially for ciſterns and aqua- 
tic works; there is a ſort which is called Pozolana, 
from the name of the place it comes from, which is in 
the kingdom of Naples; this powder is of a reddiſh 
colour, and when mixt with lime grows preſently hard, 
and remains ſo although 1n water. 

Another ſort is made of a ſoft rock-ſtone, Wund near 
Collen upon the lower part of the Rhine; it is burnt 
like lime, and afterwards reduced to powder by means 
of mills ; from thence it is brought to Holland in great 
quantities, where it has acquired the name of Dutch 
terraſs; it is of a greyiſh colour when it is not mixt, 
which is very ſeldom the caſe, becauſe it is very dear, 

and 
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and abſolutely neceſſary in all aquatic works, and ſo 
they make as much of it as they can. 

We have forgot to mention before, that lime ſhould 
be burnt with coals and never with wood; the reaſon 
given for it is, the coals being ſtrongly impregnated 
with ſulphureous particles, which mixing with the lime 
makes it more glutinous; and it has been found, that 
the mixture of the cinders and the fmall particles of 
lime, found in the lime kiln, being reduced to a powder 
and uſed inſtead of ſand, compole a mortar as ſtron 
for aquatic works as Dutch terraſs. The reaſon of this 
appears to be owing to the particles of lime being mixt 
with the cinders and unſlackened ; when they are mixt 


with lime they flaken and dry up the watery parts of | 


the lime, and leave no more moiiture in it than what is 
ſufficient to lay hold on the bricks or ſtones, and com. 
| Pole as it were one ſolid body. 

I have been informed, that in ſome parts of England, 
which is Dor/etſhire, if I am not miſtaken, is found a 
ſoft ſtone, much like that of Dutch terraſs, and that it 
might ſerve full as well in aquatic works; if this be 
true, | am {urprized that it is not better known, ſince 
it would enable us to make theſe kind of works of our 
own materials, and much cheaper than to buy them 
from the Dutch, who often mix it with other things, 
to get the more by ir, As for my part, I do not doubt, 
that, if there was a proper enquiry made, by ſuch as 
have it in their power, they might not only find 
ſuch ſort of lime-ſtone as that which the terraſs is 
made of, but likewiſe the fort which makes plaſter of 
Paris. 

N. B. There is at preſent ſuch terraſs made here, 
and fold for eighteen pence a buſhel, whereas the Dutch 
colts two ſhillings, and is not better. 
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S'E©T- V. 
How to prepare and make MOR TAR, 


HE manner of making mortar is quite different 
in different countries, and even 1n the ſame coun- 
try by different builders; the common way in and about 
London, is, to lay the lime ſtones upon a heap, and cover 
it with as much ſand as is thought requiſite for making 
the mortar; then they fling ſome water on it, ſo as the 
lime may flaken gradually and mix it at the fame time, 
which they continue till che lime is ſlakened; when this 
is done, they paſs it through a ſcreen the next day, in 
order to ſeparate it from the {mall ſtones, which have 
not been ſufficiently burnt to ſlaken ſo ſoon ; after this 
they mix it, and beat it well, and ule it immediately 
without any further ceremony. 

But our engineers uſe greater precautions; for they 
mix and beat ir every 24 hours for a week together, and 
then let it lie for a week more, and when they ule it, 
beat it and mix it again; by this means it will make 
good mortar althaugh the lime is but indifferent, pro- 
vided there is not too much ſand put into it. 

The proportion moſt commonly uted in the mixing 
of lime and ſand i is, to a buſhel of lime a buſhel and a 
half of ſand, that is two of lime and three of ſand; this 
however is no general rule, for ſome lime is fatter or 
more glutinous than others, and therefore will bear a 
greater quantity of ſand. The common mortar in and 
about London has more ſand in it than according to the 
proportion above; for provided there is juſt lime enough 
to keep the ſand together, the workmen are ſatisfied: 
and they make large joints, becauſe this kind of mortar 
being cheaper than bricks, they get ſo much more 


their work, than if they made the joints ſmaller; but if 


they are obliged to make good mortar, they make ſmaller 
Joints, becauſe the. mortar coſts them more than bricks. 
3 The 
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The French make their mortar in a quite different 
manner; for they dig a ſquare hole in the ground, x 
foot or 18 inches deep, and large in proportion to the 
quantity of lime they intend to ſlaken; they floor the 
bottom with boards; then they throw in lime firſt bo 
8 inches deep, and pour in as much water as will juſt 
cover the lime, which they ſtir till the lime ſtones are 


diſſolved; when this is done they make their mortar in 


a few days after: this is the common practice, but in 
works of conſequence, they cover it with one third of 
ſand and let it lie for a twelvemonth. It is pretended 
that the ancients ſlakened their lime many years before 
they uſed it; and there are ſome who ſay that freſh mor- 
tar is better than old: but in my opinion, the nature of 
the lime ſhould be conſulted ; for when lime is very 
ſtrong, by letting it he too long, it will grow hard and 


unfit for uſe, as it happened at Metz, as Mr. Belidor ſays, 


where they let it lie a twelvemonth, in which time it 
became as hard as ſtone : but when lime is bad, I take 
it, the longer it lies, the better it becomes. 

Two things are to be obſerved, in order to make 
good mortar, which are, that no unſlakened particles 


.of lime remain, and not. putting too much water in it 


when it is prepared; therefore if lime is kept till every 
part is ſlakened, it will be ſufficient. It muſt likewiſe 
be obſerved, that burnt lime ſhould not be kept too long 
before it is ſlakened, becauſe it evaporates, and the air 
makes it loſe its property; but when lime is once 
ſlakened and well covered with ſand, as likewiſe under 
ſhelter from the ſun and rain, it will keep as long as you 


pleaſe, provided it does not grow too hard. 


The water that is uſed in the flaking of lime, re- 
quires likewiſe to be conſidered ; for if it be dirty and 
full of mud, ſuch as is gathered in the ſtreets, as they 
do at London, it will ſpoil the mortar; it is imagined 
that all kinds of clear freſh water is good, bur I believe 
the ſofter the water is, the better: ſome pretend, that 


ſalt water out of the ſea may be uſed; but for my part [ 


think 
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think it muſt diminiſh the goodneſs of the mortar very 
much: for it is well known, that ſalt gives way and be- 
comes fluid in damp weather, and therefore in winter, 
8 the mortar which is impregnated with ſalt mult neceſ- 
E farily become ſoft, whereby it loſes the property of 
binding bodies together 1 in bad weather, when it ſhould 
have molt. 

Mortar that is to be uſed directly, which ought never 
do be done but in caſes of great neceſſity, ſhould be 
ſakened by covering it with ſand on a platform, and the 
water thrown over it little by little, ſo as to diſſolve it 
gradually, and then paſſing it through the ſcreen to free 
it from the ſmall ſtones not diſſolved; this being done, 
it ſhould be well beat and worked once a day for aweek, 

and let lie for another, and when it is uſed, to work 
it well again, and no water ſhould be uſed bur the firſt 
time : but when mortar can be made betimes, it may 
be made in the manner mentioned above, and let ir lie 
for about ſix months, which will be ſufficient to diſ- 
ſolve all che parts of the lime that are burnt, and the reſt 
which are not burnt will not affect the work; although 
thoſe that are found may be thrown away. 

The mortar made for cielings is different from that 
we have been ſpeaking of; it is made of ox or cows 
hair, well mixt and tempered with lime and water, with- 
out any ſand. The common method of making this 
mortar is, one buthel of hair to ſix buſhels of lime; 
the hairs ſerve to keep the lime or mortar from crack- 
ing, and to bind and hold it fait together. 

Mortar made of terraſs, pozolana, tile duſt, or cin- 
ders, is mixt and prepared in the ſame manner as com- 
mon mortar, only theſe ingredients are mixt with lime 
inſtead of ſand in a due proportion, which is about half 
and half. As this mortar is deſigned for aquatic build- 
ings, the reader may eaſily imagine that the lime 
uſed in it ought to be the very beſt that can be had: for 
which reaſon, l:me made of ſhells or of marb'e is what 


ſhould be had if poſſible, but in ſuch works which are 
3 ſome- 
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ſometimes dry and at others wet, inſtead of terraſs, 
which is very dear, tile duſt or cinder duſt may be uſed, 
and is eſteemed to be the beſt mortar for ſuch work; 
for it has been found that terraſs mortar is not ſo good 
where the work is expoſed to the air. 

In fortifications, docks, or piers of harbours, I would 
lay all the parts of the works under water with terrak 
mortar, and the reſt of the facings, both within and 
without, with cinder or tile duſt mortar, for about two 
feet deep ; for if this was done, the walls would not 
require to be pointed and repaired as they common 
do: cellars, and all kinds of arches or vaults, under 
and above ground, ſhould likewiſe be done with this 
mortar ;. and the cinders out of lime kilns mixt with 
the particles of lime ſtone, are, in my opinion, ſtill pre. 
ferable, for the reaſons given in Section III. As to cil- 
terns, they require terraſs mortar as well as all the 
works which are conſtantly under water. 

The ſtrength or goodneſs of mortar does not only de- 
pend on that of the materials of which it is made, but 
likewiſe on the manner of -preparing it : for the work- 
men put generally much water in it to make it liquid, 
in order to fave labour in mixing it; if this be done, 
the mortar will never be good for any thing: but if lit- 
tle or no water is uſed after it is flakened, and well beat, 
and mixt till it becomes ſoft, and this be repeated ſe- 
veral times till it becomes glutinous, you may depend 
upon it, that the mortar 1s good. 

A very able perſon, who has been employed a great 
while in the works of fortification, told me, that he 
wet his mortar very ſparingly, but beats it well every 
day for a week, and then lets it lie for a week or a fort- 
night before he uſes it, and has it well beat over again: 
this method is undoubtedly very good, and ought to be 
uſed in all the works of fortifications, ſince they are a 
great charge to the nation, and therefore whoever has 
the direction of them ought in a manner to be anſwer- 
able for their goodneſs. 
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A contrary practice is followed by ſome others, who 
have the direction of works; for I have ſeen, after 
works have been done, the mortar crumble off like ſand, 
and when examined, found the lime in lumps, and not 
half mixt with ſand; what can be expected from ſuch 
work, I leave the reader to judge. Others pique them- 
flves. upon making the work look regular, and will 
have every courſe ot bricks to be three inches high; and 
as the bricks are but two inches and a quarter thick, the 
joints muſt be three quarters, from whence the good- 
neſs of the work may be judged: inſtead of making the 
joints ſo large, I would oblige the bricklayers to make 
them only a quarter of an inch thick, which is ſufficient. 

Another obſervation is to be modes which 1s, that in 


be perpendicular to the ſlope, and not on the fame le- 
vel, as is cuſtomary ; and this for two reaſons ; firſt, all 
ſtones being cut ſquare, cauſe leaſt waſte, and are ea- 
ſier to the workmen; and when bricks are uſed, the 
joints are equally thick throughout; whereas, when 
the courſes are on the ſame level, they raiſe the bricks 
on the outſide, fo as to make the ſlope, which makes 
them wider there than within; and when the mortar is 
not very good, the walls require pointing very often. 
Another inconvenience ariſes, that the outſide of the 


the reſt. lie horizontally, by which they make an angle 
or bending, ſo that the bricks of the fame courſe can 
never bind together, and the outſide of the wall is no 
more than a ſhell the depth of a brick, ſeparated from 
the reſt of the work, 
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IE CT. VI. 
Of PLASTER. 


LASTER is different from common lime, in 
P that it compoſes a folid body by itſelf, withour 
mixing either ſand or any other ingedient, as is done 
in lime. 

It is made of a blueiſh ſoft ſtone, taken out of quat- 
ries, which generally are at the fide of a hill, much 
like the ſtone of which Dutch terraſs is made. This 
ftone 1s burnt in the ſame manner as lime, and when 
cold, beat into a fine powder, or duſt ; and when it is 
to be uſed, about a buſhel is put into a tub, and water 
poured in till ir becomes hquid, then it is well ſtirred 
with a ſtick, and uſed immediately ; for in lefs than a 
quarter of an hour it becomes bard, and good for no- 
thing: another of its properties is, that it will not bear 
mixing a ſecond time, as lime will do. 

Although plaſter is to be found in moſt countries, 
yet nobody I know, has given a method to diſtinguiſh 
it from lime ſtone: I am apt to think, that it may 
poſſibly be the ſame fort of ſtone as that found near 
Collen, of which the Datch terraſs is made; and if it is 
not the ſame ſort, it comes very near to it, for it dries 
very quick, and makes a very hard body: it is ſaid not 
to remain hard in water, but I never heard that it was 
tried with mixing it with lime; for which reaſon, I will 
nor affirm it to be the fame as terraſs. 

That which is found in a hill near Paris, is eſteem- 
ed the fineſt, and brought to England chiefly to make 
buſto's, zand to take off medals, as well as all kinds of 
ſtatuary works; but there it is uſed in flooring, and 
to line the inſide of ſtone walls, inſtead of common 
- Mortar. But the plaſter found in this country, being 
of a coarſer fort, is chiefly uſed to make floors for 
gentlemens houſes, and for granaries to keep corn - 
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The only way to know the ſtone, is to burn it in 
a fire, and reduce it to a fine powder ; then, if it grows 
hard immediately after it has been mixed with water, 
you are certain that it is plaſter. Although the ſtone 
is of a blue greyiſh colour at firſt, yet it becomes very 
white by burning; and when mixed with water, it does 
not ferment or grow hot like lime. 
Having thus given the quality and manner of pre- 
paring the chief materials uſed in works of a fortifica- 
tion, in the preceding ſections, as far as we poſſibly 
could from our own obſervations, and what we could 
gather from other authors; to which, if the young 
engineer will join his own obſervations with thoſe of 
his ſuperiors under whom he is employed, eſpecially to 
thoſe of able workmen, I do not queſtion but he will 
be able, not only to judge whether works are well 
executed, either in the whole or in parts, but likewiſe 
know how to proceed, whenever he ſhall be employed 
as the chief director over ſuch works; for which reaſon 


we ſhall proceed to what remains to be ſaid of this 
ſubject. | 


118 PRACTICAL Part Ill 


* 


Containing the Manner of tracing a For- 
treſs on the Ground, to make an Eſti- 
mate, and to execute the Works. 


SECT. 1. 


Shewing the USEFULNESS and NECESSITY 
of building FORTRESSES. 


HE. neceſſity of building fortreſſes in all 
; ſtates whatſoever, appears from the innate 
principle of ſelf-pretervation ; for a power- 
ful nation has always powerful enemies; ſo that by the 
loſs of a battle, the whole country is in danger, if the 
remainder of the routed army has no place of ſafety to 
retire into, where they may rally and receive ſuccours, 
either from their allies, or new-raiſed troops, from that 
_ of the country which the enemy is not yet maſter 
of. | 
It has often happened, that after an army has been 
defeated, it has received ſuch ſuccours in a place of 
latety, as not only to have been able ro ſuccour its 
own country, but likewiſe drive the victorious army 
cut of the field with loſs. There are many ſuch ex- 
amples to be found, both in antient and modern hiſ- 
tory : whereas, if an enemy gets once the victory in a 
country that has no fortreſſes, he is at that inſtant 
maſter of the whole ſtate. 
An example of this kind has happened here 1n 
England; for had there been ſome good fortified places 
when William the Conqueror entered the country, 1 
+ ade would 
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would not have been loſt by gaining of one battle; and 
| had the town of Genog been fortified in the laſt war, the 
Auſtrians could not have taken it at once, and been 
maſters of the whole ſtate, as they did; in ſhort, were 
it not for the many fortified places in Flanders, the Au- 
frian —_— in that country would have been long 

o loſt. 
be ſmall ſtates and republics, they are no leſs neceſſary 
than in great kingdoms, in order to reſiſt. a powerful 
enemy, till ſuch time as their allies can come to their 
aſſiſtance. To this it may be objected, that fortified 
places in a free ſtate may be a means to enſlave it b 
ſome ambitious and powerful man, aſſiſted by a neigh- 
bouring prince; but as no ſuch examples are recorded 
in hiſtory, as far as I know, and the contrary is evident, 
by the ſtates of Holland, who have many fortified places, 
and yet have preſerved their liberty, ſince their firſt ſe- 
paration from the Spaniards, it is evident that this 
objection has no foundation. 

Maritime powers, and thoſe who inhabit iſlands, 


ſuch as England, Sardinia, Sicily, &c. require no leſs 


fortified places; for an enemy may invade them by 
a ſurprize, and though his naval force be leſs, yet, 
when he once gets a footing, he may either conquer or 
deſtroy the country. Belides, their trade, on which 
iſlanders chiefly depend, would become very precari- 
ous, without having ſome ſtrong place or other to ſe- 
cure their effects in, which otherwiſe might be ſur- 
prized and carried off, betore an army could arrive to 
tend them. Many other arguments might be alleged 
to prove the uſefulneſs of forcified places, were it not 
that all the world is convinced of it at preſent, and 


therefore it would be needleſs to ſay any more about 
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8E CH . 
Of their SITUATIONS. 


HE ſituation of fortreſſes depends chiefly on the 

reaſon for which they are built; for if they are 
to promote or protect trade, they muſt be placed near 
the ſea, lakes, navigable rivers, or channels; if they 
are deſigned to guard a paſs or inlet into a country, 
they muſt be placed on hills or high ground, that from 
thence they may enfilade and defend that paſs, and ſo 
as not to be commanded by any other adjacent hill; or 
near the paſſage of a large river: if they are to ſe. 
cure a country from an invalion, they mult be ſituated 
in ſuch a manner, that the enemy muſt attack them be- 
fore he can advance any farther; and in caſe he ſhould 
paſs by and leave them behind, they may cut off his 
communication' with his own country, whereby his 
convoys may become precarious and difficult, and 
therefore he mult either advance farther, or elſe be- 
ſiege them. 

In iſlands, the beſt ſituations are upon the coaſts, 
and in ſuch places where an enemy may eaſily land, 
and where the garriſon has a ſafe communication with 
ſome inland town, to receive ſuccours and ſubſiſtance in 
caſe of an attack; or if there are any great rivers tha! 
run into the ſea, and where ſhips may come up into 
the country, there ſhouid always be one or more for- 
treſſes built near them, in ſuch places as may prevent 
the ſhips from paſſing by, without ſuffering great!) 
from the cannon placed there, and where the approach 
is very dangerous, 

In an iſland of no very great extent, whoſe coaſt 1s 
of an eaſy acceſs in moſt parts, and where it is im- 
poſlible to fortify every one, the beſt ſituation for 3 
fortteſs is the middle of the iſland upon a riſing ground; 
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becauſe troops may beſt be ſent from thence to any 

part, to oppoſe the landifig of an enemy; but this for- 

treſs ſhould be pretty large, that, in time of need, the « 

inhabitants of the country may retire into it with their 

cattle, and other moſt valuable effecis, and help to de- 

fend the place, till the enemy is obliged to retire, either 

for want of proviſion, or having no hopes to get maſters 

of it. 

But if the iſland is conſiderable, it is not ſufficient 

to build fortreſſes near the moſt convenient landin 

places, but there ſhould likewiſe ſome be built in the 

paſſes, to prevent an enemy from entering farther into 

the country, 1n caſe he ſhould land, notwithſtanding 

the forts on the coaſt ; or at leaſt to ſtop and protract 

time, ſo as the country may riſe and come to oppoſe 

him, | q 

In ſmall ſtates, that lie in an open country, which 1 

cannot afford the expences of building many fortreſſes, N 

and are not able to provide them when built with 
ſufficient garriſons and other neceſſaries for their de- 
fence, or thoſe whoſe chief dependance conſiſts in the 
protection of their allies, the beſt way is to fortify 
the capital, whieh, being made ſpacious, may ſerve as 
a retreat to the inhabitants in time of danger, with 
their wealth and cattle, till the ſuccours of their allies 
arrive. 

If a fortreſs is built near a river, lake, or ſea, it 
muſt be conſidered whether it ſhould ſtand quite cloſe 
to the water ſide, or at ſome diſtance, ſo as the works 
may not be battered by the ſhips; whether an enem 
may eaſily land thereabouts, and attack it by land; 
whether the ſhips may come cloſe, or the water is 
ſhallow ; when the water is fo deep that ſhips can come 
up cloſe to the walls, the parapets mult be made high, 
and thoſe that can be ſeen from the main top, ſhould 
be covered above with canvas, planks, or with any 
thing elſe in time of ſiege, to cover the troops behind 


them. 
When 
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When a fort lies ſo near the water, that it may be 

battered from the ſhips, it is in danger of being ſoon 
deſtroyed by the ſuperiority of their fire; on the con- 
trary, when the water is ſo ſhallow, that the ſhips can- 
not come near enough to batter in breach, care muſt 
be taken that the enemy may not land in their boats, 
and ftorm it by land; to obſtruct which, redoubts or 
batteries muſt be built, to reſiſt both in front and in 
flank : and if they can land any where beyond the reach 
of cannon, theſe redoubts or batteries muſt be fortified 
all round with a wall and good ditch, that they may 
not be ſurprized in the rear; as we did at Cape Breton, 
where the large battery fronting the entrance of the 
harbour was, ſurprized, and the guns turned againſt 
the town, by which it was obliged to ſurrender ; this 
would not have happened, if the precaution mentioned 
above had been uled. 

In a place where there is a harbour, ſome parts or 
other of the fortreſs ſhould command it, if poſlible; 
for though redoubts and batteries are made to defend 
its entrance, yet if the enemy finds means to deſtroy 
ſome, and paſſes by others, the harbour lies open for 
the ſhips to come in, without any farther obſtacle; and 
as theſe defences are at ſome diſtance from the fortreſs, 
they are always taken either by ſtratagem or main 
force as being ſeparate from the garriſon, and not 
eaſily relieved. But if part of the fortreſs com- 
mands the harbour, the ſhips are never ſecure in it 
till the place 1s taken, which 1s all that can be ex- 
pected. | 

It is true, that the entrance ſhould not be neglected; 
for wherever there is a point of land that commands 
the approach of an enemy, it ſhould be carefully ſe- 
cured by ſome work or other; as it often happens 
that ſmall rocky iſlands lie in the entrance, which, 
when properly fortified, are very advantageous in the 
defence of it. Nothing conduces ſo much to the ſafe- 
ty of a place, ſituated near the fea, or navigable river, 
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as thoſe works which keep the enemy's fleet at a diſ- 
tance, ſince thereby their main ſtrength is of no uſe to 
them; and though they ſhould make a deſcent in ſome 

art or other with a few ſmall pieces, yet theſe may be 
eaſily repulſed by the garriſon. As theſo kinds of ſitua- 
tions are the moſt uſeful to a trading nation, we have 
ſo much the longer dwelt upon the method of ſecuring 
them in the beſt manner poſſible. 

When an old fortreſs is to be rebuilt, the engineer 
ought not to rely too much on the capacity of him 
who made it firſt : he ſhould conſider whether there is 
no other ſituation n1ereabouts, that might be better 
than the former; whether the old works were properly 
adapted to the nature of the ground; how much ex- 
pence will be ſaved by building upon the old founda- 
tions; whether it is too big or too little; whether by 
following partly the old plan, and building the reſt in a 
different manner, it would not be better than to follow 
it in all its parts; or whether, by chuſing another ſitua- 
tion, it would not be too expenſive in reſpect to the ad- 
vantage gained thereby; in ſhort, he ſhould leiſurely, 
and well conſider every minute circumſtance, in order 
to form a true idea of the ſituation, the figure of the 
works, and the conſequences reſulting therefrom, before 
he determines his choice, | 

An engineer, who 1s truly conſcious of the truſt re- 
poſed 1n him, ought to be extremely cautious in all his 
undertakings, and well conſider, that he is, or ought 
to be, anſwerable for all extraordinary and uſeleſs ex- 
pences which he cauſes to the nation, either for want 
of {kill, or inapplication ; and if a nation was rightly 
ſenſible of the truſt they put in engineers, I am perſuaded 
that they would be very careful, and well examine thoſe 
who are deſirous to enter into ſuch employments, be- 
fore they admit them. 


An engineer requires much greater {kill in arts and 


ſciences than is generally imagined ; for it is not ſuffi- 
cient to know how to draw plans, profiles, and land- 
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ſkips; to underſtand a few propoſitions in geometry, ot 
to know how to build a wall or a houſe; on the con- 
trary, he ought to be well grounded in all the molt uſe. 
ful branches of the mathematics, and know how to ap. 
ply them in practice; he ſhould underſtand natural 

hiloſophy and architecture, have a good notion of all 
kinds of handicraft works; and above all things, be 
well verſed in mechanics. 

As the variety of nature is infinite, fo it is impoſſible 
to deſcribe all the different ſituations where fortreſſes 
ſhould be built; it requires the greateſt ſkill and 
knowlege to fix upon ſuch as may anſwer beſt all the 
different expectations; and as the building and main- 
taining them is attended with very great expences, 
when they do not anſwer the intent for which they are 
built, they are heavy burthens to a nation, without any 
conſiderable advantage; for which reaſon an engincer 
ought ſeriouſly to conſider what he is to do before he 
begins ſuch an undertaking. It is my humble opinion, 
that the choice of the ſituation, and the making a ſcheme 
of a fortreſs, ſhould not be intruſted to any ſingle per- 
ſon; on the contrary, the expence of ſending five or (ix 
to the ſpot, to make in concert a proper choice 

of the place and works, would be more than ſaved in 
the execution. 


1 G r. Bl. 
OnskRVATIONs relating to the SITUATIONS 


of PLACES. 


N the former ſection we have treated of ſituations in 
general, it remains now to obſerve the particulars 
which are neceſſary to be known before the ſcheme 
or project of a fortreſs is fixed upon, The firſt thing 
to be conſidered, is to know whether the air is wholc- 
ſome; for it would not be for the intereſt of a ſtate to 
build a place of that kind without the. inhabitants 
being in a way of increaſing, in order that there wy 
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be no occaſion of ſending often a ſupply of people; 
beſides, a garriſon in ſuch a place would continually 
weaken to fuch a degree, as would make the taking it 
very eaſy. 

This may be known by the colour and ſtrength of 
thoſe who live there, or near the place; and if 1 it is not 
inhabited, it may eaſily be known by the ſituation; 
becauſe if it be ſurrounded by low and marſhy ground, 
the place is certainly unwholeſome; on the contrary, 
if the place is a dry foil, and produces plenty of wood 
and graſs, and there are a great number of birds; or 
wild animals, it is no leſs certain, that the fituation is 
wholeſome and fruitful. 

The next thing to be conſidered, is to know whe- 
ther there is plenty of freſh and wholeſome water, 
ſufficient for men and beaſts; for without that no 
place ought to be fortified, unleſs it may be ſupplied 
by ſome ſpring not far off, and which an enemy can- 
not cut off in time of a ſiege; otherwife it would be 
impoſſible to defend it for any time. It may be ob- 
ſerved, that all ſweet waters are not equally wholeſome; 
for it has been found by experience, that very clear 


and well, taſted water has occaſioned particular dif- 


tempers to thoſe that drank it conſtantly. Beſides, as 
ſome waters will cure diſtempers, why ſhould there be 
none of contrary qualities ? The air of ſome places is 
eſteemed unwholeſome, when it is rather the water 
that occaſions the diſtempers. It has been pretended, 
that the lighteſt waters are the beſt to drink; but Mr. 
Cotes, in his Hydroſtatic lectures, has compared the 
weights of all the different waters that he could get, 
even ſome of the river Ganges, which is eſteemed the 
belt in the world, but could not find any ſenſible dif- 
ference in their ſpecific gravity : if this be the caſe, its 
goodneſs cannot depend on its lightneſs, but rather 
on ſome quality 1mbibed from the ſoil through which 
it runs, which cannot be diſtinguiſhed by the taſte. 
Others ſay, with ſome — that if water be boiled 
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a good while, and let ſtand for a time, till it is quite 
cold, and no ſettlement is found at the bottom} of 
the veſſel, it will be wholeſome : this may be better 
known, by uſing the ſame veſſel for ſome time, and 
then obſerving whether any ſediments are found ; for 
there may be ſo little at firſt, as not to be perceived, 
yet in length of time may gather ſo much as to make it 
appear quite plain. 

J have been told by a gentleman of veracity, that 
very clear and well-taſted water, ſpringing out of a 
rock in Ireland, petrifies every thing on which it falls, 
in a very ſhort time : therefore water of that quality 
can never be wholeſome, either for man or cattle, 

Water ſeems to receive its chief quality from the 
nature of the ſoil through which it runs, as we have 
obſerved before; as for inſtance, when it comes out of 
a rock, or a gravelly ſoil, it is clear and cold; that 
which comes out of chalk, is ſoft and milky ; and that 
out of a marfhy ſoil, brackiſh : this latter fort is the 

worſt of all. | 

If the inhabitants, or thoſe who live near the place, 
are ſubject to any particular diſtempers, more than 
thoſe in others, either the water or the air is unwhole- 
ſome: it may eaſily be known whether the air is good 
or bad, for if there is any ſtagnated marſhy water ad- 
Jacent to the place, the heat of the ſun draws up the 
corrupted particles, which fall in the cool of the night, 
and infect the air; but if there be no ſuch places near 
about, the air will be good. It is faid, that in bad air, 
the livers of birds and animals are full of ſpots ; but 
whether this is ſo or not, I cannot ſay, | 

Next to the water, fuel to make fire is to be conſider- 
ed; it muſt therefore beenquired, whether there is wood, 
coals, or turf to be had near at hand, or may be 
brought to the place at an eaſy rate, either by land or 
water: this article is very neceſſary, eſpecially in north- 
ern climates; beſides its uſe in preparing victuals, wood 
ſerves for moſt ſorts of handicraft works: in ſhort, 


every 
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every thing that is neceſſary for the ſubſiſtence and 
conveniency of a garriſon muſt be conſidered, before 
the conſtruction of a fortreis is undertaken, becauſe 
the expences which attend ſuch works are always very 
great; and conſequently, every individual circumſtance 
ought to be examined and carefully conſidered before- 
hand. 

In the next place, it muſt be obſerved, whether 
there are materials to be found for the building of the 
place, either upon the ſpot, or near at hand, ſo as to 
be tranſported at an eaſy rate, ſuch as timber, ſtone, 
or brick, lime and ſand, or whether they may be partly 
had on the ſpot, and partly brought by water; for if 
the greateſt part is to be tranſported by land from ſome 
diſtance, the expence will be ſo exceſſive, that the ut- 
moſt importance of the place only can excuſe the build- 
ing it. 

If it be a place near the ſea, or a navigable river, 
where a harbour is to be made, it muſt be carefully 
conſidered, on which ſide the fortreſs is to be placed, 
both .in reſpect to' the landing of the goods, and to the 
defence of the harbour, as likewiſe where the ſhips 
may come as cloſe to the quay as poſſible. 

In a fortreſs built to promote and protect trade, it 
muſt Iikewiſe be conſidered, what kind of goods are to 
be found in or near the place, what might be brought 
by ſhips from foreign parts, and what might be ex- 
ported, in exchange for thoſe manufactured there, and 
where to be carried to market. 

It may happen, that in iſlands and ſome other 
places, where there are very few things to be had 
for exportation, yet if the harbour is convenient for 
ſhips to come in, when diſtreſſed by weather, or the 
place may ſerve as a magazine to bring and depo- 
lite European commodities, to be from thence tranſ- 
ported by veſlels, to ſome other market; or elſe, 
ireſh water is to be found for ſhips, when no other 

place 
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lace is near at hand, as is St. Helena; ſuch ſituations 
may be fortified and become very uſeful. 

There are many ſituations in inland countries, which 
we have not taken notice of here, and yet may be ad- 
vantageous for building large fortified places, becauſe 
their uſefulneſs depends on too many circumſtances 
to be enumerated ; therefore we ſhall obſerve in gene- 
ral, never to build a large fortification, excepting near 
navigable rivers, which may ſerve for conveniency of 
trade, and to be a ſtrong barrier to a ſtate; or to ſtop 
a paſs, through which an enemy might enter into the 
country ; for where there is no river, he may paſs by 
and leave the place behind him : hills that command 
any of the works, or hollow roads through which an 
enemy may approach, | ſhoyld be avoided ; and in ge- 


neral the ground ſhould be level and free from trees, 


or any other thing which may favour an approach un- 
der cover, for a mile all round. 


SECT. IV. 
How to male the PLAN of a FORTRESS. 


HEN a ſtate has reſolved to build a fortreſs, 
an engineer is to ſurvey the ſpot of ground 
upon which it is to be, very exactly, and to draw the 
plan of it very diſtinctly, on a large ſcale, which muſt 
extend at leaſt as far as cannon ſhot beyond any of the 
outworks, together with ſeveral ſections or profiles, ſo 
as to expreſs the heights of the moſt material incquali- 


ties of the ground; if there be any river or ſtanding 


waters near it, their breadth and length muſt not only 
be taken and expreſſed in the plan, but likewiſe all the 
ſoundings, in order to know whether any ſhips or ſmall 
craft can come there. 

If there be any hills or high grounds, or hollow 


roads near hand, they muſt be carefully _ 
| bo! 
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both in the plan and ſections; after which the engi- 
neers muſt compoſe a memorial, containing an exact 
and diſtin& account of the nature and ſituation of the 

nd ; if rocky, hilly, marſhy, or even; if there is 
a river, whether it is navigable or not; or if there be 
a lake, whether it may be uſcful for navigation, or to 
ſtrengthen the works; if there is a good foundation to 
build upon; whether there are ſprings of river water to 
be had for the uſe of the garriſon z and wood, coals, or 
turf, for fuel, | 

If the materials of which it is to be built are to be 
had upon the ſpot, or, if at any diſtance, how they are 
to be brought by land or water; the nature and quali- 
ty of the materials; their prices, and that of the work- 
manſhip ; and above all, whether the works are to be 
built with ſtone or bricks, where to be had; whether 
any quarries are near at hand, or proper clay to make 
bricks, and fuel for burning them ; where to get the 
lime and ſand; whether the materials are good, or but 
indifferent; in ſhort, it muſt contain every thing re- 
quired for the building of the place, and for its main- 
tenance. 

This memorial, together with the plati and profils 
of the ſituation, being laid before the council, which 
has the direction of ſuch works; who ought to fend 
three or more of the moſt able engineers to the place, 
in order to examine every particular, and to oblcrve, 
whether the plan and memorial are both conformable 
to the ſituation; if not in all particulars, to correct, 
them; and when they are ſufficicatly acquainted with 
every thing, to make a plan of the fortreſs, in con- 
junction, conformable to their inſtructions, and the 
conſequence of the place. i 

For it is my humble opinion, that fuch an under- 
taking ſhould never be truſted to the judgment of one 
lingle perſon, ever ſo well qualified, as it is too often 
the cuſtom z- and when they all agree in their opinions, 
a fair plan is to be made on a ſcale of 30 fathoms to an 
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inch at leaſt, with proper profils, in order to lay them 
before the council, with a new memorial, expreſſing 
their reaſons for making ſuch works preferable to any 
other, with references to the plan, and why the for. 
treſs is made of that extent. 

But in caſe the engineers ſhould not agree in all the 
particulars, ſeparate plans muſt be made by each, and 
the reaſons given in writing, in order to be decided by 
the council, which of them is to be made uſe of, all 
this ſhould be done with the utmoſt candour, and with- 
out any views of intereſt, or preference in reſpect to 
capacity, or any thing elſe whatſoever, contrary to the 
true intereſt of the nation. 

In making the plan of a fortreſs, particular regard 
muſt be had to the three following conſiderations : 

1. The expence neceſſary for the building of it. For as 
it is generally very great in ſuch undertakings, by in- 
creaſing it without neceſſity, or the importance of the 
Px requiring it, inſtead of being an advantage, it 

ecomes a burthen to the nation. | 

2. The number of troops required to guard and defend 
it, together with the quantity of artillery and ammunition 
fer a fiege. For if this expence ſhould be equal to, or 
exceed the revenue or advantage ariſing from it, it is 
plain, that, inſtead of being an advantage, it would be 
a diſadvantage. M 

3. The extent or capacity of the place, with reſpeci 10 
the ſpace taken up by the works of fortification, For it 
it ſhould happen, as we are not without examples, that 
the town could not contain a ſufficient number of 
troops to defend it, beſides the inhabitants, it is evi- 
dent, that it may be taken with leſs expence than an- 

Other of fewer works, provided with the ſame number 
of troops; as each work would be capable to make a 
proper defence, and conſequently, a great expence 
would be thrown away on ſuperfluous works to no 
manner of purpoſe, | 

| 6 : OTE There 


— 
% 


Weed. 4 FORTIFICATION. 121 


There are. many other conſiderations to be had; as 
that the works ſhould flank or defend each other in 
the molt direct manner poſſible : that the communica- 
tion from the body to the outworks may be eaſy and 
ſecure, as well as thoſe from one work to another: that 
the works are properly adapted to the nature of the 
tuation; if the ground is low, tenaillous, lunets, or 
ſecond ditch and covert way ought to be made; if 
level, ravelins and covert way only; if there are an 
hollow roads leading to it, ſome works that flank it in 
a direct manner; if there are any hills or riſing grounds 
that command ſome of the works, little forts or re- 
doubts ſhould be made there, with a ſecure communi- 
cation to the fortreſs; or elle traverſes are to be made 
in the works themſelves, eſpecially if they are ſeen in 
the tear: if the place is large and of great conſequence, 
horn or crown. works are uſeful to ſecure the gateways, 
ora ſpot of ground which might be advantageous to an 
enemy: in ſhort, engineers ſhould be ſparing in their 
works, to make no more than what are barely neceſſary, 
and whereby viſible advantages are gained, both on 
account of ſaving expences in the building, and in the 
mantenance of a garriſon to defend it, and in every 
thing elſe neceſſary för its defence. 

When an old place is to be fortified, that has ſome 
works ſtanding, the director ought to endeavour to find 


works; which being known, he muſt conſider whether 
they anſwer the intent, and if not, how to change, 
ether partly or the whole, ſo as to anſwer better, to 
make uſe of part of the old works, if not the whole; 
and never demoliſh old works to build new ones, with- 
out abſolute neceſſity, in order to diminiſh the expences. 
| have ſeen projects for demoliſhing old works and to 
build new ones in their ſtead, which were not ſo good 
by much. This will always happen, when an engineer 
s entruſted with works, that does not underſtand his 
bulineſs; and thoſe very people are generally the moſt 
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ambitious to ſnew their bwh performances, whether 
right or wrong. | 

Situations which ate partly fortified by nature, ſuch 
as When there are any recipices, rocks, or which are 
partly ſurrounded with water, are very convenient, 
for the other part may be fortified at an eaſy rate; be. 
ſides the place requires but a ſmall garriſon to defend 
it. When the ſituation is rocky, care muſt be taken 
to make uſe of the rock for the facings of the works, 
as much as will agree with the plan, which will fave 
expences, blowing up the higheſt parts to raiſe the 
lower ones; but it muſt be taken notice, that each 
work is to be of the ſame level, or nearly fo, every 
where, and that the inner ones rife gradually aboye 
thoſe before them. 

When the plan of a fortreſs is fixed upon, the pro- 
fils muſt be determined, and it muſt be conſidered, 
whether the works are to be wholly faced with walls 
or partly, how much the height of the body is to ex- 
ceed that of the out-works. Engineers vary very much 
in their opinions, in reſpect to the heights of the 
works; Mr. Vauban made the body of the place 6 or 
8 feet higher than the ravelins, and theſe higher by 6 
feet than the glacis: Mr. Coeborn did the fame nearly, 
but made his capital ditch narrow and deep, whereas 
the former made it wide and fhallow ; the latter covers 
the wall of the body very much, ſo that it cannot be 
battered for above three feet below the horizon, brings 
the works clofer to each other, and makes their de- 

fende ſhorter; the broad ditch, on the contrary, dil- 
covers the wall to the very foundation; but when the 
ditch is dry, works may be raiſed in it ſo as to make a 
FA good defence ; the paſſage through it to the breach 
| may be obſtructed and diſputed for a long while. As 
for my part, I think a middling width is preferable to 

a large one; that is, I would never make the capital 
ditch above 16 fathoms at the ſalient angle of the bal- 
tion, when the exterior {ide of the polygon is 1 = fa- 
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# thoms, and ſo in proportion to the length of the 
ſides. | | 

| The reaſons given for making high ramparts, are, 
that they cover the houſes and other buildings better 
than low ones, and that the enemy may be fired at 
from all the works in the ſame front, without incom- 
moding thoſe in the outworks. To this it is objected, 
that when the works riſe gradually one above the 
other, the enemy wY ruin the defences all at once, 
from the firſt batteries he makes, and then may advance 
without having any thing elſe to fear than the fire of 
ſmall arms; beſides the rampart of the place becomes 
very high, and, of conſequence, increaſes the expences 
conſiderably. 

On the contrary, if the works were made nearly all 
of the ſame height, the guns placed in the inner works 
cannot be diſmounted till the outer works are taken, 
1 by ſhells; but the chance of diſmounting 
them is ſo very little, that it may be looked upon as 

inconſiderable. | 


is, that the height of the body of the place is much 
lels than the former, and therefore the expence gf 
building it conſiderably diminiſhed. As to not being 
able to fire at the enemy from all the works at once, 
it is of no conſequence ; becauſe the outward works 
will hold as many guns as are required to keep the 
enemy at a diſtance, and, as he approaches, theſe guns 
may be brought into ſome others, when it is not ſafe 
to keep them longer there. 
For my part, I would make the heights of the works 
ſo as to terminate in a right line drawn from the para- 
pet of the body to the extremity of the glacis, becauſe 
y this means great expences would be ſaved ; the ene- 
my muſt batter the works one after another, and there- 


you may at any time fire en Barbet from any of the 


yorks yau pleaſe, or is found moſt convenient. 
| K 3 Mr, 


Another material advantage ariſing from this method 


fore raiſe as many batteries as there are works; beſides 
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it requires more time to make a breach, and leſs ex. 


is certain, that the burying ſo much maſonry under 


tions in the faces, where the breaches are made, ſhould 


otherwiſe carry galleries under the wall and blow it up, 


mines, it would be extravagant to lay the foundations 
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Mr. Vauban uſed to raiſe his revetements as high 2 
the parapets, excepting at New Briſac, where they arc 
not above 3 or 4 feet above the level of the fields, and 
to build very ſtrong counterforts behind them; where. 
as Mr. Coehorn, who was more ſaving, made then 
only even with the level of PBergen-op-2o0m. 

This method 1s very good, becauſe it ſaves great ex. 
pences in the building, and when the place 1s beſieged, 
the enemy can batter but a very little part of the wall, 


pences to be repaired : whereas when the wall reaches 
quite up to the top, by battering it as low as can be, 
the upper part tumbling down all at once, makes a 
breach in a ſhort time; and the expence of repairing 
them is very great. _ 

Some will have the walls to begin from the bottom of 
the ditch, without making very deep foundations, l. 
ground 1s of no other advantage than to ſupport the 
walls above them: and when a foundation can be 
made firm with piles or otherwiſe, it would fave great 
expences. This may be done in wet ditches, becaule the 
wood being always under water will never periſh; but 
it is not ſo in dry ones, unleſs the bottom is very good 
the piling cannot be depended on; beſides, the founda- 


be as deep as can be, becauſe the enemy's miners will 


in leſs time than the breach can be made by cannon; 
but in the gorges or counterſcarps where no breach can 
be made, nor any danger apprehended for making 


any deeper than is juſt neceſſary to ſupport the walls 
above them, | | {1 OE 


x 
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SE C T. V. 
7o make the Eſtimate of a FORTRESS, 


HEN the plan of a fortreſs is drawn with pro- 
per profils and elevations, and every thing ex- 
preſſed on paper that can be done, or is neceſſary; all 
the angles and lines not given by the conſtruction 
muſt be found by trigonometry, according to the man- 
ger of the ſpecimen given in our Elements of mathema- 
tics, page 159 new edit. The quantity of maſonry muſt 
be computed in the manner taught in page 200, as 
well as the excavation and tranſportation of the earth, 
and the expences of making the ramparts, parapets and 
glacis: then, if the prices of the ſeveral materials are 
known in the country where the fortreſs is to be built, 
it will be eaſy to make a proper eſtimate of the ex- 
pences that a ſtate will be at, in order to have the work 
executed. 
As it is impoſſible to determine the prices of the 
materials, which Change in every place, according as 
they are near to or upon the ſpot, and as the labour is 
dear or cheap, we ſhall content ourſelves here, to 
give only the quantity of work of all the material 
parts; which, together with the experience an engineer 
muſt have before he is employed. in ſo great an under- 
taking, and the knowlege of the form uſed in the 
country, to repreſent it to the directors of theſe kind 
of works in a proper manner, will be ſufficient for our 
reader to underſtand what is neceſſary upon ſuch an oc- 
caſion. 


To compute the Qu ax T IT of MASONRY. 


Plate VI. Fig. 1. We ſhall ſuppoſe, that the for- 
treſs is a regular pentagon, with rayelins, covertway 
K 4 and 
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and glacis; that the exterior ſide AB is 180 fathom, 
the | om AH, BE, to be go; the . 1-6 1 CD, 
30, according to Mr. Vanban's firſt method. Nou, 
becauſe we have found in our Elements, page 160, the 
' flanks to be 24.27 fathoms, and as there are 10, the 
ſum of their lengths will be 272.7 fathoms; or, becauſe 
we ſhall expreſs all the contents by cubic yards, which 
is the uſual method here in England, and each fathom 
is two yards, the ſum of the lengths of all the flanks 
will be 545:4 yards. We have likewiſe found in the 
ſame page, that the length of the curtain F G is 
76.39 fathoms; and as there are five, the ſum of their 
lengths will be 381.95 fathoms, or 763.9 yards: and 
ſince the faces AH or BE are 50 fathoms by con- 
ſtruction, the ſum of 10 faces will be 300 fathoms, or 
1000 yards, ; 

It may be obſerved, that it is the ſame thing to mul. 
tiply each length by the number of ſquare yards con- 
tained in the profil, or to multiply the ſum of all the 
lengths by the ſquare yards contained in the profil; 
whence by adding the ſums of the lengths of the faces 
1000, the flanks 545-4, and that of the curtains 763.9, 
we {hall have 2309.3 yards, for the ſum or E all 
the lengths of the body of the place. 3 

Fig. 2. Now if the height of the profil ABCD 
be 30 feet, or 10 yards, from the foundation AD to 
the cordon BC; the reſt of the parapet is ſuppoſed 
to be of earth only; then if the wall is of ſtone, ac- 
cording to our tables, the thickneſs BC above will be 
5 feet, and that AD near the foundation 11. In order 
to find the area ABCD we muſt add the two parallel 
ſides AD and BC, which gives 16 feet, and multi- 
ply half the ſum 8 by the height AB, 3o, which gives 
240 ſquare feet; and fince 9 ſquare feet make a {quare 

yard, if we divide 240 by 9, we ſhall get 26 4 ſquare 

- yards for the content of the profil, excluſive of the 
oundation ADTH and the counterforts _—_— 
| 2 
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if we multiply the total length 2309. 3, found above by 
26 J, we ſhall ger 61581.3 cubic. yards for the content 
of maſonry contained in the body of the place, exclu- 
five of the foundation and the counterforts. 

If we ſuppoſe the foundation AH to be 6 feet deep, 
and 12 broad, as they are rectangular we need but mul. 
tiply the baſe 12 by the height 6, which gives 72 ſquare 
feet, or 8 {ſquare yards, for the area of the foundation 
and therefore this content multiplied by the total length 
2309-3, gives 18474. 4 cubic yards for the foundation, 
In order to find the content of the counterforts, we 
muſt conſider that their whole heighth HB is 36 feet; 
the length of the baſe HK, 8.6 feet according to our 
tables; and if the diſtances from the center of the one 
to that of the next be 16 feet, their breadth will be 4 
feet by what has been ſaid in the firſt ſection: whence 
multiplying 8.6 by 4, we get 34.4 feet for the area of 
the baſe, or 3.8 3 ſquare yards; and this multiplied by 
the number of yards, 12, contained in the height, gives 
45.8 4 for the content of one of the countertorts. The 
number of counterforts is found by dividing the total 
length of the works by the diſtance between the center of 
one counterfort 40 that of the next: and ſince the total 
length has been found to be 2309.3 yards, and the diſ- 
tance 5 4, We ſhall have 433, for the number of coun- 


terforts; and as the content of all the counterforts is 


equal to the product of the content of one multiplied 


by their number, it follows that 433 multiplied by 


45.84, gives 19860.2 yards for the ſum or total content 
of all the counterforts. Whence we get for the quan- 
tity of maſonry of the body of the place, | 
| T wall 61581.3 
The content of 65 foundation 18474.4 
| counterforts 19860.2 


Total content 99915.9 


— 4 


Having 
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Having found the quantity of maſonry contained in 
the body of the place, the next thing is, to find that 
contained in the faces of the ravelins, which we ſhall 
ſuppoſe 24 feet high, and whoſe profil is repreſented by 
the third figure, the thickneſs above BC near the cor- 
don is 4 feet 4 inches, and near the foundation 9 feet 
11 inches, the ſum of the two parallel ſides will be 14 
feet 3 inches, half of Which, multiplied by the height 
24, AB, 0 35 171 feet, or 19 yards, exactly, for the 
content of the area ABCD of the profil, excluſive of 
the counterforts and foundation. 

Now, becaule the faces of the ravelins are 51.75 fa- 
thoms, according to our Elements, page 163; and ten 
of them will be 517.5 fathoms, or 1035 yards; this 
length being multiplied by the area 19 of the profil, 
gives 19665 cubic yards for the content of maſonry of 
the five ravelins, excluſive of the foundation and coun- 
terforts. „ 

Suppoſe the foundation to be ſix feet deep, and 11 
broad, then the product of 11, multiplied by 6, gives 
66 feet for the ſection of the foundation, or 7 + ſquare 
yards; now if this content be multiplied by the total 
length 1035, we ſhall have 7590 cubic yards for the 
content of the foundation, 

The length LA of the counterſorts is 7 feet, and 
the height HB 3o, including the foundation; there- 
fore the area of the counterfort K B, will be 210 feet, 
or 23 3 ſquare yards; and if the diſtance of the center 

of one counterfort to that of the next be 16 feet, the 
thickneſs will be 4 feet, or 14 yard; whence multi- 
plying 23 + by 1 5, we ſhall get 31 cubic yards near- 

y, for the ſolid content of one counterfort. If we di- 
vide the total length 1035, by the diſtance , we 
ſhall get 194 for the number of counterforts contained 
in the ravelins; and therefore this number 194, mul- 
tiplied by the content 31 of one, gives 6014 cubic 
yards for the total content. Conſequently, the quan- 
| tity 
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tity of maſonry contained in the faces of the rayelins 
will be, 


wall 19665 

The content of the | foundations 7590 
TT counterforts 60 1 4. 
33269 


—— — 


It remains now to find the quantity of maſonry con- 
tained in the counterſcarp; ſuppoſe the fourth figure to 
be the profil, which is 16 feet high, from the founda- 
tion, 2 feet above, and 5; feet 2 inches near the foun- 
dation, according to our tables; the two parallel ſides 
being added, gives 7 feet 2 inches, half that ſum mul- 
tiplied by 1 the height 16 feet, gives 57 + ſquare feet, for 
the area, or 6.4 yards nearly. 

The length of the counterſcarp is not found without 
a good deal of calculation, which we have explained in 
our Elements, pages 162, 163, to which we refer our 
reader, and content ourſelves by giving the amount 
as found there, for the length before one front, which 
is 290 fathoms, or 580 yards; and as there are five 
fronts, five times this number gives 2900 yards for 
the total length ; this length being multiplied by the 
content 6.4 of the profil, gives 18560 cubic yards for 
the content of the wall, excluſive of the foundation 

nd counterforts. 

If the foundation is 5 feet deep, and 6.5 wide; then 
the product of 5 by 6.5 gives 32.5 ſquare feet, or 3.6 
ſquare yards Ne, for the ſection of the foundation; ; 
and this number, multiplied by the total length 2900, 
gives 10440 cubic Hardy for the total quantity of ma- 
lonry in the foundation. 

Now, becauſe the height of the counterforts is 21 
feet, and their length 4; „ the product of 21 by 4 
gives 84 ſquare feet, or 9 + ſquare yards for the area 
of the counterforts; and if we ſuppole as before, the 


diſtance from the center of one to that of the next, 


$0 be 12 feet, their thickneſs will be 3 feet, or 75 
yar 
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yard; therefore the content of one counterfort will be 
9.3 £ubic yards, | | 
If the total length 2900 yards be divided by 4 yards, 
their diſtance, we ſhall get 725 for the number of coun. 
. terforts, which being multiplied by the content 9g + of 
one, gives 6766.6 cubic yards, for the total content 
of maſonry in the counterforts. Hence the total con- 
rent of the maſonry contained in the counterſcarp will 


be, 
wall 138560 
Content of the I foundation 10440 
a counterforts 6766 


— 


Total 33766 


Having thus found the quantity of maſonry con- 
tained in the ſeveral parts, according to the plan and 
rofils here given, by adding them together, we ſhall 
5 the content of the whole, excluſive of bridges, 
gates, and under- ground works, | 
body 99916 
Content of the ravelins 33329 
counterſcarp 35766 
Total content 168951 
Theſe computations may alſo be performed as fol- 
lows; add the areas of the profil and foundations to 
that of one counterfort divided by 4, and the ſum, 
multiplied by the total length, gives the whole con- 
tent at once. Thus in the counterſcarp, the area of 
the profil is 6.4 yards, that of the foundation 3. b, and 
that of the counterfort 33 this laſt divided by 4, gives 
2.3 3. Now the ſum 12,3 + of theſe three areas mul- 
tiplied by the total length 2900 gives 35766 cubic 
yards for the whole content of the counterſcarp, which 
is the ſame as before: the ſame thing will be true in 
regard to the reſt of the computations, 


Although 


+4 a 
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Although this is not the exact content of the tnaſon- 
ry contained in this fortreſs, becauſe there are ſolids in 
every angle, ſuch as are repreſented in the fourtecnch 
plare of our Elements, which muſt be conſidered when 
the works are meaſured, as well as the coping ſtones, 
yet this menſuration is ſufficient for an eſtimate, There 
are many engineers that are not ſo exact in their com- 
putation; for how could it be, ſince few of them have 
ſcarcely the leaſt notion of geometry, without which 


it is impoſſible to compute to an exactneſs any thing 
of this kind. ; 


The method of computing the quantity of earth 
contained in the ditches of the body of the' place, and 
ravelins, 1s reduced to the finding their areas, and then 
to multiply the ſum by the depth of the ditch, that is, 
by 16 feet, or 5 + yards. But by reaſon of the ir- 
regular figures, they muſt be divided into parts, in the 
following manner. From the point B draw BL per- 
pendicular to the counterſcarp; from the angle F.of 
the flank F draw FT, perpendicular to the line of de- 
fence GE, and from the point D, DV perpendicular 


capital of the baſtion produced, we muſt find the ſpace 
ILBD, the triangles GEF. DGH, and the circu- 
lar ſector LB K, in order to get the area of the great 
ditch before one cr the fronts. n 4.46 


in our Elements, page 214, to be 87.8; tathoms, or 
175.7 yards, BL is 40 yards by conſtruction; and 
in the right angled triangle DVI, we have DI; 25.93 
fathoms, or 51.86 yards, by page 215; and the angle 
DIV, 74 degrees and 35 minutes; by which we find 


IV 13.78, by adding IV to IL, we ſhall have VL, 
189.48; and if we add the two parallel ſides B L, 
| DV, 


To compute the Exc AvATION of the DITCHES. 


to the counterſcarp IL produced: then if BK be the 


The length I L of the counterſcarp has been found 


the perpendicular DV to be 50 yards, and the baſe 
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DV, we get 90; and half their ſum 45; multiplied by 
VL, 189.48. gives 8526.6 ſquare yards, for the ſpace 
DVLB, from which we muſt ſubtra&t the triangle 
DVI, in order to get the ſpace DILB; but the ſide 
IV, is 13.78, and the perpendicular DV, 30; half the 
product of theſe numbers gives 344.5 for the area of 
the triangle DVI, which being ſubtracted from the 
content of the area V L BD, leaves 8182 ſquare yards 
for the content of the ſpace DILB, 

The next thing to be found is the area of the tri- 

angle GFE, in which the fide FG is 76.439 fathoms, 
or 152.78 yards, the ſide EF 54.54 yards, and the 
ſide EG, 170, 28 yards; having the three ſides of a 
triangle, the ſegment E T is found by ſaying the ſum 
207.32 of the ſides GE, FE, is to their difference 
98.24, as. the baſe GE, 170.28, is to the difference 
80.6; between the ſegments GT, and IT E, which 
being ſubtracted from the baſe GE, 170.28, gives 
89.68, half of which, 44.84, will be the leſſer ſegment 
ET; therefore the difference between the ſquares of 
EF, 54-54, and ET, 44.84, will be equal to the 
ſquare of the perpendicular FT; which will be found 
to be 31 yards. Now becauſe the two triangles GFE, 
DGH, have the ſame altitude, the ſum of their baſes 
GE, 170.28, D H, 89.74 being multiplied by the 
perpendicular FT, 31, halt the product, gives 4030 
yards for the content of the ſpace EFG HD. 
It remains now to find the circular ſector L BK; 
the angle LBK in a pentagon is- 108 degrees and 
52 minutes, and the radius BL, 40 yards by con- 
ſtruction ; whence if we ſay 7 is to 22, ſo is the ra- 
dius BL, 40, to the ſemi-circumference 125.7 nearly; 
and again, 108 degrees is to 108 degrees 52 minutes, 
or 108.86 degrees nearly, as 125.7 is to the arc LK, 
which is 76 yards; then half the product of this arc 
and. the radius gives 1520 ſquare yards for the content 
of the ſector LB K. 


Now 
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Now if we add twice the ſum of the ſpace DIL B, 
$182, and the ſector LBK, which is 19404, to the 
ſpace HGFED, which has been found to be 4030, 
we ſhall have 23434 ſquare yards for the great ditch 
before one of the fronts. 
Laſtly, The area of the ravelins ditch is to be found, 
if from the extremities of the face NQ we draw NE, 
Q, perpendicular to the oppolite counterſcarp, an: 
Then becauſe the width of the ditch is 24 yards by con- 
ſtruction, and the face N Q has been found in our 
Elements, page 214, to be 103.5 ; the breadth being 
multiplied by the length NQ gives 2484 {quare yards, 
for the content of the area NQ b. 

In the right angled triangle Na, the perpendicu- 
lar N is 24 yards, and the baſe 2 has been found in 
our Elements, to be 8.72 yards; and half the product 
of theſe two ſides gives 104.64 for the content of this 
triangle. 

The angle NQR has been found to be 73 degrees 
and 30 minutes; whence, if we lay, as 7 is to 22, fois 
the radius 24 to the ſemi-circumference 75.4; and 180 
degrees is to 106. degrees 30 minutes, or 106.5 de- 
grees, the meaſure of the angle 21 Q m, ſo is 75.4 to 
the arc nm, 44. G yards; and halt the product of this 
arc and the radius gives 535.2 ſquare yards for the 
content of the ſector 2 Qn. 

Now if we add the content of the triangle N 5 a, 
104.64 to that of the rectangle N x, 2484, their ſum 
will be 2588.64 ; and twice that ſum added to that of 
the ſector „Am gives 5712.48 ſquare yards for the 
content of the ditch before the ravelin. 

Therefore if we add the contents of the great ditch 
23434 to that of the ravelin, we ſhall get 29146.48 
iquare yards for the ſum, and five times this ſum gives 
145732.4 ſquare yards for the content of the ditches 
round the whole fortreſs. Fe 1 
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If this content be multiplied by the depth of the 
ditch 16 feet, or 5 + yards, we ſhall get 777239. 4 cu- 
bic yards for the total content of the ditches. 
This is not the content of all the excavations to be 
made; that of the walls, counterforts, and their foun. 
dations muſt likewiſe be conſidered; as there muſt like. 
wiſe be room for the workmen to work, which cannot 
be leſs than two feet, beſides the thickneſs of the 
wall, the length and breadth of the counterforts ; but 
the ſlopes of the walls are not to be taken in here, be- 
cauſe we have ſuppoſed the ditch to be dug perpendi- 
cular. 

Fig. 2. Therefore, if RT be the line terminating 
the height of the ditch from the foundation, we mult 
find the thickneſs of the wall at T; which is done by 
adding one fifth of the height R M 14 feet, to the 
thickneſs BC above 5; feet, which gives 8 feet nearly, 
to which adding two feet more, according to what has 
been ſaid above, gives 10 feet, and this multiplied by 
the height KR 16 feet, gives 160 feet, or 19.7 ſquare 
yards. © Now the foundation D H being 6 feet deep, 
and 12 broad; to which adding two feet on each fide, 
gives 16, and this multiplied by 6 gives 96 feet, or 10. 
yards nearly; this added to 17.7, gives 28.4 ſquare 
yards to the area of the profil; therefore 28.4 multi- 
plied by the total length 2309.3 of the body of the 
place found before, gives 65584. cubic yards, for the 
quantity of earth to be removed on account of the wall. 

The height of the counterforts KR is 22 feet, in- 
cluding the foundation, the length KH is 8.6 feet, to 
which adding two feet more, gives 10.6 ; this multi- 

lied by 22, gives 233.2 feet, or 26 yards nearly. 
Now becaule the thickneſs of the counterforts has been 
made 4 feet, by adding two more on each fide, gives 
8 feet, or 2.4 yards, which, multiplied by 26, gives 
69.3 for the quantity of earth removed on account of 
one counterfort; and as there are 433 of them, we 
ſhall have 30007 cubic yards for the total quantity 7 
| earth, 
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earth. This quantity, added to that above, gives 
955-91 cubic yards for the total quantity to be remov- 
ed on account of the wall of the body of the place. 

Fig. 3- To find the quantity removed in the rave- 
lin, where the height-R M 1s 8, and the thickneſs BC 
4:4 feet; one fifth of 8 is 1.6, which added to 44. 
gives 6, to which adding two feet more, gives 8; this 
multiplied by 16, gives 128 feet, or 14.2 ſquare yards 
for the ſect ion of the excavation. 

The foundation has been ſuppoſed 6 feet deep, and 
11 broad, by adding 4 to 11 gives 15, and this mul- 
tiphed by 6, gives 10 yards for the foundation; the 
ſum of 14.2 and 10, gives 24.2 ſquare yards, which 
being multiplied by the total length 1025, gives 25047, 
for the content of the excavation of the faces. 

The height of the counterforts K R is 22 feet, and 
their length K H, 7, to which adding two more, gives 
9, and the product of 2 multiplied by 9, gives 198 
feet, or 22 yards; and ſince the thickneſs of the coun- 
terforts is 4 feet, by adding 4 more, gives 8 feet, or 
24 yards, which multiplied by 22, gives 58.6 for 
the excavation made for one counterfort; and as there 
are 194 in all, this number multiplied by the content 
58.6 of one, gives 11368 for the total excavation made 
for the counterforts in the ravelin. This added to the 


former, gives 30415 cubic yards for the total excava- 
tion. 


made for the counterſcarp : The thickneſs above is 2 
fert, to which adding 2 more, gives 4, this multi- 
plied by the height 16, gives 64 feet, or 7 yards nearly. 
The foundation is 3 feet deep, and 6.5 broad, to which 
adding 4 more, gives 10.5, and this multiplied by 5, 
gives 52.5 feet, or 5.8 yards nearly; and the ſuin of 
the foundation and the wall is 12.8 yards: and becauſe 
che total length is 2900 yards, the product of this num- 


ver, multiplied by 12.8, gives 37120 cubic yards for. 


the content of the excavation. | 
L The 


Fig. 4. Laſtly, It remains to find the excavation 
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out any other expence either for tools, bridges, and 
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The height of the counterforts is 21 feet, and thei 
length 4, to which adding 2 more, gives 6, the pro- 
duct gives 14 yards for the content; and as they arc , 
yard thick, by adding a bake more, gives 2, and 14 by 
2 gives 25 cubic yards for the content of one counter. 
fort; ard ſince there are 725, the total content of all 
the counterforts will be 20300. And this added to tha 


of the wall 25047, gives 45347 cubic yards. 


Whence the content of the ditches 777239 
of the town-wall _ 95591 
of the walls of the ravelin 36415 
of the counterſcarp 45347 


— 


Total content of the excavation of earth 954592 


If it is known how many men are required to remoye 
the earth, either from the glacis or the ramparts of the 
body and ravelin, and how much they remove in 
day, the expence for removing the earth may be pretty 
exactly computed ; for there is no ſuch thing as to form 
an exact account, too many accidents happening during 
the time of the works of this nature, to come to any 
exactneſs; for example, if every cubic yard coſts ſix. 
pence to remove, and make the works compleat, with- 


roads, the expence of removing the whole quantity 
would amount to 23864 pounds, 16 ſhillings, 

The computation of the quantity of earth has been 
made upon the ſuppoſition that the ground is level; but 
as this 18 icarcely ever the caſe in real practice, marks 
are left every where to ſhew the different depths that 
haye been dug, and a proper reduction is made, in oi 
der to get the true quantity of earth removed; for whici 


_ reaſon the reader muſt conſider what has been here done 


as the method by which he is to proceed when a for 
tification is to be executed; and that this is ſufficient! 
exact to make an eſtimate, 5 
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As to the maſonry, it may at all times be known 
what the ſtones coſt in the quarries, and for the bring- 
ing them on the ſpot ; as likewiſe the expence of cut- 
ting them, and to make the walls, when the ſituation 
of the fortreſs is once fixed upon: the ſame thing will 
hold good if the place is to be built either entirely or 
partly with bricks. | | 

But there are many leſſer articles, ſuch as the gate- 
ways, bridges, cazemats, powder-magazines, ſtore- 
houſes, guard-houſes, barracks, &c. which cannot be 
eſtimated without a great deal of experience in theſe 
kind of works: therefore an engineer muſt be well ac- 
8 with it before he is able to undertake ſuch a 
work. 


SECT. VI. 


To trace the plan of a FORTRESS on the 
GROUND, | 


lations from being ſeen, it is neceſſary to trace the ex- 
terior ſides in a rough manner, in order to clear the 
ground, and then trace the works over again more 
exattly, If the fortreſs lies near a river, the ſide next 
u it muſt be traced firſt, ſo as to agree with the pro. 
poſed plan; or if there are any buildings which are 
o be incloſed, you begin with that fide firſt, which 
ings them in their proper ſituation. The greateſt 
Ufficulties happen when the fortreſs is to be built on a 
deſcent of a rock or hill, where the works lie not all 
0 the ſame level; in ſuch a caſe, great care mult be 
uken ro make proper allowances for raiſing and falling 
le works, in order to place them in ſuch a manner 
llat the exterior works be always commanded by the 

2 L's inte- 
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F the ground is uneven, filled with buſhes, hedges, 
ditches, or any other obſtacles, which hinder the 
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interior ones; it is here where an engineer requires 
great {kill and knowlege to make the different parts 
anſwer their true intent. \ 
There are two different inſtruments commonly uſed 
in tracing the works on the ground; which are, the 
plain table and the theodolite. | 
The plain table is the moſt ſimple, but it is not ſo 
exact; for which reaſon, I would never uſe it, but in 
{mall forts, or works of no great conſequence. 
When a plain table 1s uſed, the plan muſt be drawn 
on a large ſcale, at leaſt of 30 fathoms to an inch, 
which is faſtened with ſealing wax to the table, ſo as to 
lay quite ſmooth and even; then, by means of a ruler 


with ſights, the angles are laid down on the ground, | 


and the lengths of the lines meaſured by a chain and 
rod : but when the theodolite 1s uſed, the lines and 
angles muſt be found by trigonometry, in the manner 
given- in our Elements of mathematics. 

This being done, the angles muſt be traced on the 
ground with the inſtrument, and the lines laid down as 
before. But to explain the manner of uſing both theſe 
inftruments, we ſhall begin with the plain table, and 
ſnew how the body of the place is to be traced, 


and then how this is to be done with the theodo- 
lite. 


To trace the PLAN of a FORTREs8 with a PA 


Plate VII. Having faſtened the plan on the table, 
in the manner mentioned before; which we ſhall ſup- 
pole to be a regular pentagon, of the ſame dimenſions 
as in the laſt plate. Suppoſe the point O to be the 
center of the place: place the table exactly over the 
point O, ſo as the center on the paper is exactly over 
the center on the ground, lay the edge of the ruler 
along the radius or capital OA, and turn the table 
round till the point A is ſeen through the ſights: 

; EY oe lace ah place 
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place a piquet or Fake. in that direction; keep the 
table ſteady, and turn the ruler about the center O, 
till it is in the direction OB on the paper, and place a 
piquet at any diſtance in that direction; keeping the 
table in the ſame direction, lay the ruler on the capital 
OC, and place a piquet in that direction; and proceed 
in the ſame manner with the capitals OD and OE; 
tis being done, ſet off theſe capitals with a chain in 
the molt exact manner you can, which gives the five 
points A, B, C, D, E: now, to be certain that theſe 
points were rightly determined, the exterior fides AB, 
AE, &c. muſt be meaſured with 'the chain, and if 
they are the ſame length as they ſhould be, you are 
certain that theſe points are right; but if the exterior 
ſides. are either too ſhort or too long, the capitals muſt 
be mealured again, till ſuch time as every line on the 
ground 1s Exactly of the ſame length as thoſe on the 
aper. 
y determined the exterior ſides, the table is 
placed at A, and by the help of the ruler turned fo as 
the two. exterior ſides AB, AE, on the paper, coin- 
ade with thoſe on the ground ; then keeping the table 
In that poſition, and laying the ruler along the face AF 
of the baſtion, and a piquet being placed in that direc- 
tion; then the face AF is meaſured by the chain, which 
gives the point F; the table is placed over this point 
lo as the line AF on the paper agrees exactly with the 
ame line on the ground, by keeping the table in that 
polition, and directing the ruler along the flank FG; 
| then a piquet is planted, and the length of the flank 
meaſured, which gives the point G. 1 90 
After this, the table is carried to the point B, and 
turned ſo as the exterior ſides B C, BA, on the paper, 
agree with the ſame lines on the ground; keeping the 
table in that poſition, the ruler is directed along the 
face BL, and a piquet planted in this direction; then 
by ſetting off 50 fathoms for the length of the face, 
from B to L, the point L is given; to which the 
ö . table 
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then directing the ruler along the flank LH, and plant. 


table being carried and turned fo as that the face Bl, 
upon the paper, agrees with that line on the ground; 


ing a piquet in that direction: by ſetting off 27.27 fil, 
thoms for the length of the flank from L to H, which 1 
determines the flank and curtain. Fe 
Now to be certain that this front has been rightly W n. 
traced, the diſtance from H to G muſt be meaſured, WWF ... 
to ſee whether it is 76.39 fathoms, as it ſhould be; and the 
from the points A and B, it muſt be obſerved, whether I on 
the points B,. L, G, and A, F, H, are in a right Wl ke. 
line; if this is ſo, the front is rightly traced, and if not, N ful 


it muſt be traced over again, till every thing comes I ga 
out right. 

The ſame operations muſt be performed at ever pe 
ſide of the place, by which the body will be finiſhed 
for the preſent, becauſe the rampart and parapet, as 


' | an 
well as the thickneſs of the wall, are determined after- WM ,; 
wards. | _ 

If the fortreſs is either irregular, or there are any Ml u 


buildings in the way, in ſuch a manner that the points 
A, B, C, D, E, cannot be ſeen from the center O, 7 
the exterior ſides AB, BC, CD, DE, muſt be traced; 
that is, the table is placed at A, in ſuch a manner 
as the exterior ſide AE, on the paper, be in the ſame 
direction with AE on the ground; then, by keeping 


in 
the table in that poſition, and directing the ruler along WW le 
the ſide AB, in which a piquet is planted, and the WW lj 
lengths of the two ſides AE, AB, meaſured, which er 
gives the points E, A, B; this done, the table is car- I z. 


ried to the point B, and placed fo as the fide BA, on the MW & 
paper, agrees with that line on the ground; then the ruler N c 
being directed along the fide BC, and its length being h. 
{et of in that direction, gives the point C; in the ſame ¶ v 
manner is found the ſide C D; and if the diſtance DE 
is found to be of its proper length, and the angle AED 
agrees with that on the paper, the exterior ſides have 
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been rightly determined: after this, the reſt is perform- 
ed in the ſame manner as before. | 
If the poſition of any other line is determined either 


by buildings or a river, you are to begin with that line, 


and find by its means the exterior fide next to it, and 
from thence you proceed as before : thus, if the direc- 
tion of the line CD is given on account of a river, ſo 


as to bring the greateſt part of it into the great ditch, | 


the table is placed at C, and directed ſo as the line CD 
on the paper agrees with that line on the ground; then 
keeping the table in that poſition, and directing the 


ruler along the exterior ſides CD and CB, the reſt is 


finiſhed as before. 
When an old place is to be fortified, it often hap- 
pens that the ſituation of one of the curtains is de- 


termined, ſuppoſe G H ; then the table is placed at G, 


and H, in order to find the Banks GF, HL; and then 
at L and F to find the faces LB, F A, which gives the 
exterior ſide AB; this being done, the reſt of the 
work is performed as before. 


To trace the PLAN of a FORTRESS 07 the GROUND 
wit a THEODOLITE. 


When the fortreſs is regular, the theodolite is placed 
in the center O, and levelled by means of the croſs 
levels and ſcrews; fix the index to 360 degrees on the 
limb; turn the whole inſtrument round till the north 
end of the needle hangs over the flower de luce, or 
260 degrees in the box; there fix the limb of the in- 
ſtrument by means of a {crew underneath, then diſ- 
charge the index, and turn it about till the vertical 
hair in the teleſcope cuts the ſtation A placed any 
where in the direction OA; then adding the degrees 
on the limb, which we ſuppoſe to be a certain number 
of degrees exactly, without any fraction, to the num- 
ber of degrees of the angle A OB, and turn the index 


la as to cut exactly the ſame number of degrees on the 


1 limbs; 
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limb; this done, place a ſtation in the direction OB; 
adding again, the number of degrees of the angle 
BOC, to thoſe on the limb, and turn the index round 
till it cuts the ſaid number, by placing a ſtation in the 
direction OC, and proceed in the ſame manner all 
round till the whole is finiſhed. 

We prefer this practice to any other, becauſe the 
needle cuts always the ſame number of degrees nearly, 
as the index does on the limb; but it may be done 
thus, after having levelled the inſtrument, and fixed 
the index to 360 degrees, you turn the inſtrument 
round till the vertical hair cuts any ſtation placed in 
the direction O A; then the limb is made faſt by 
means of a ſcrew, and the index diſcharged, and turn- 
ed about nill it cuts the ſame number of degrees as the 


angle AOB at the center, which is here 72 degrees, 


then placing a ſtation any where in the direction O B, 
and turning the index about till it cuts as many degrees 
as are contained in the angle AOC, which is here 144, 
by placing a ſtation in the direction OC, the index 
is turned round till it cuts the angle AO D, 216 de- 
grees on the limb, and ſo on to the reſt; this done and 
a ſtation placed iy OD, then, the index being turned 
round till the vertical hair in the teleſcope cuts the firſt 
ſtation A, if the index cuts exactly 360 degrees 


on the limb, the angles are righily laid down, and 


this it will always do if the inftrament has not been 

moved. | | 
The angles at the center being laid down very accu- 
rately, the capitals OA, OB, Sc. muſt be meaſured 
with the ſame care; and to prove the work, the exte- 
rior {ſides AB, BC, Sc. muſt alſo be meaſured; and 
if they anſwer their dimenſions, every thing is right. 
But if the fortification is irregular, or the points A, B, 
C, D, E, cannot be ſeen from the center O, the 
rheodolite muſt be placed at any one angle as A, which 
we ſuppole to be determined by the ſituation; after the 
inſtrument is levelled, and the index placed on 360 
degrees, 
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degrees, the whole inſtrument is turned round till the 
north end of the needle points hikewiſe at 360 degrees; 
the limb is faſtened, with the ſcrew and the index diſ- 
charged, which being turned, ſo as the teleſcope cuts 
the ſtation in the direction AE, which is ſuppoſed: to 
be given, then obſerving the number of degrees 
which the angle made by AE, with due ſouth and 
north, ſuppoſe 5 degrees, which being ſubtracted from 
the angle E AB, of the polygon 180 degrees, then 
turning the index round till it cuts 103 degrees on the 
limb, which is the difference between 3 and 108; 
then placing a ſtation in the direction A B, and ſettin 
off from A to B, 180 fathoms for the length of the 
exterior fide A B. Now the theodolite being placed at 
B, and the index fixed to the limb, the whole inſtru- 
ment is turned, ſo as the ſtation at A may be ſeen 
through the teleſcope; then the limb is faſtened, and 
the index diſcharged, after having obſerved the num- 
ber of degrees it points at, to which adding the num- 
ber of degrees contained in the angle ABC, and if 
the ſum exceeds 360 degrees ſubtract 360 from it, 
and turn the index round till it points at the given 
number of degrees, and looking through the teleſcope, 
the ſtation C 1s placed in that direction: the exterior 
ſide BC being ſet off on the ground, gives the point 
C; from whence proceed in the fame manner as be- 
fore, till you come to the point E; and when the in- 
ſtrument is brought to the firſt ſtation A, and the 
angle E AB is found the ſame as before, the opera- 
tion is right. 
It may be obſerved, that by laying thus down the 
les. from the meridian, paſſing through the point 
A, the needle will always point at the ſame number 
of degrees nearly in the box as the index on the limb, 
which being carefully obſerved. at every ſtation, will 
ſhew whether any error has been committed, either by 
accident or miſtake ; and if there be any found you 
muſt return to the former ſtation to correct it, before 


you 
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you proceed farther ; by which you ſave the trouble of 
going over the work again, for a miſtake made per- 


haps at the beginning. Moſt engineers content them- 


ſelves; by laying down ſimply the angles of the poly- 
on without any meridian. 
As all the angles and lines of a plan muſt be found 
by trigonometry, when it is to be traced on the ground 


with a theodolite, you place the inſtrument at A, and 


ſet off the angle BA F, and the length of the face A F, 
and then at F, to make the angle AFG of the ſhoul- 
der, and when the length of the flank FG is meaſured, 
the inſtrument is placed at the point B, and proceed in 
the ſame manner, to find the points L and ; then, it 
the points B, L, G, are in the ſame right line as well 
as the-points A, F, H, and the length of the curtain 
G H comes out right, you are certain that no miſ- 
take has been made. The ſame operations are perform- 
ed with regard to any other front, by which the body of 
the place is traced on the ground. 

The next thing in hand, 1s to trace the counterſcarp 
of the great ditch, which is done in this manner; 
make the angle MDN equal to 74 degrees 35 mi- 
nutes, according to what is ſaid in our Elements, page 
214, and ſet off from D to N twenty fathoms, for 
the. width of the ditch, trace a line in the direction 
N R, perform the ſame operation before the face ER, 
and you will have the ſtrait part of the counterſcarp ; 
the round parts before the baſtions are determined by 
placing piquets at. certain diſtances from each other, 


ſo as to be 20 fathoms diſtant from the ſaliant angles 


of the baſtions; or if the ditch is not fo wide, and 


that the chain may reach croſs, faſten one end of it to 
the piquet at D, and at the other end a looſe piquet, ſo 
as to reach the point N; then by turning the chain 


round the piquet at D, ſo as to keep it always ſtraight, 


with the point of the other piquet you may trace the 
round part on the ground. 


To 
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To trace the ravelin, through the middle of the | 


exterior ſide DE mark a line ST, at right angles to 
it, in which ſet off 30 fathoms, for the length of the 
capital of the ravelin, from the re-entring angle S of 
the counterſcarp to the point T; from the point T, 
trace two lines to the countericarp, which when pro- 
duced, ſhall meer the oppoſite faces of the baſtion in a 
point X, within three fathoms from the ſhoulder M. 
As to the counterſcarp of the ravelin's ditch, it is found 
by erecting perpendiculars at the extremities of the 
faces, each of 12 fathoms, for the width of the ditch 2 
the round part is found as before. 


To trace the CovERT-WAY and GLAcis on the 


GROUND. 


From the re- entring angle à of the counterſcarp, ſet 
off 20 fathoms for the ſemi-gorges ab, ac, of the 
place of arms; faſten two chains or cords to two pi- 
quets placed at & and c, each of them of 25 fathoms 
long; which being ſtretched, and ſo as to meet at 4, 
place a piquet there, and trace the faces 4 d, c d. If 
two points are marked with piquets along each ſide of 
the counterſcarp, and at 6 fathoms from it, then the 
lines traced in theſe directions will determine the co- 
vert-way : and ſetting off two perpendiculars to the 
ſides of the covert-way, and at 20 fathoms from them, 
the lines traced through their extremities will deter- 
mine the breadth of the glacis. The traverſes are ea- 


ſily traced on the ground, from their conſtruction on 
the paper. 


This is the moſt accurate way of tracing the plan of 


a fortreſs on the ground; and it may be obſerved in 
general, that all works of what kind ſoever of this na- 
ture, are always to be traced, by the help of the lines 
and angles, either given by conſtruction, or found by 
trigonometry. 


For 
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For inſtance, to trace a horn or efown-work, on the 
ground ; the angle which their branches make, either 
with the counterſcarp or the faces of the baſtion, muſt 
be foubd, as well as the length of the bfariches ; theſe 
being once known and traced, the reſt may be 
performed in the ſame manner as in the body of the 
-place. | 
7 The manner of tracing lunets, tenaillons, counter- 
uards, and all ſuch works, differs ſo little from what 
has been ſaid before, chat it requires no farther expla- 
ies. | | 


A 
The METHOD of building a FORTRESS. 


X FTER having traced the principal or magiſtral 

F line of the worke, the ground muft be levelled 
round the body of the place, in order to chooſe a 
mean between the different railings and fallings of the 
ound for the level of the place, which ought to be 
h that the earth of the higher parts may nearly fil! 
up the cavities of the lower, and the center of the 
place muſt be marked, and is generally about fix feet 
higher than the above mentioned level, in order to get 
a proper deſcent for the running of the water into the 
ditch; this being done, a trench is dug all round for 
the foundation of the body-wall; but care muſt be 
taken, to throw as much earth out of the trench and 
ditch, towards the center of the place, as will make 
the rampart and parapet; this may be done nearly by 
computing that part of the profil above the level ground, 
and cutting a trench of an equal ſection; it muſt like- 


wile be conſidered, how much earth will nearly 1 5. 
within the place, for cellars, conducts, ſally-ports anc 
eazemats, For the removing the earth ont'of ditches 
and under-ground works, in ſuch a manner, as juſt - 
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make the rampart and parapet, and the reſt fot the 
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3 glacis, is one of the moſt difficult taſks that can happen; 


WT fince it requires great ſkill to do it ſo as not to have 


more than is wanted to compleat the work, and to 
prevent the moving of it over again from one place 
where it was thought neceſſary, to another, which, in 
my. opinion, is hardly poſſi ble, and therefore the leaſt 
removes will be the belt. 

That part of the trench made for the Ce of 
any work towards the rampart, ought to be cut into 
ſteps, as may be ſeen in the eighth profil, Plate VIII. 
and as near the wall as can be, without any inconve- 
niency; becauſe, when the rampart is compleated, there 
will be only the earth which has been dug, that will 
preſs againſt the wall; whereby its reſiſtance becomes 
o much the ſtronger. In my opinion, the rampart 
ſhould not be made till ſuch time as the maſonry is ſet- 
tled and dry, which requires at leaſt a twelvemonth, 
unleſs there is an - abſolute Hfieceſſity for it; for when 
the damp. earth is rammed againſt, a wet wall, it will 
require a great while before it dries, and perhaps this 
will not happen at all, unleſs the mortar be very good; 
for which reaſon I would mix cinders inſtead of ſand 
| with, the lime, and lay this mortar, about a foot and 

a half deep on the ſide of the wall next to the rampart; 
this will ſooner dry, and prevent the moiſtneſs of the 
earth from penetrating. into the maſonry. | 

To prevent the preſſure of the earth againſt the wall 
as much as is poſſible, branches of all kinds of wood 
are ſtuck into the earth, by horizontal layers, with 
the ſharp end as deep into the unmoved earth, and as 
firm, as can be, and a bed of earth well rammed, of 
half a foot deep, in the manner repreſented in the 
eighth profil; when this is done, the wall has time to 
ſettle well, and becomes qui ite hard before it ſuffers wy 
Wr. | 
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Oftbe FouxpArioxs and the manner of laying then: 


Plate VIII, As the foundations of all buildings in 
general, are of the greateſt importance, in reſpect to 
the ſtrength and duration of the work, we ſhall enter 
into all the moſt material particulars, which may hap- 
pen in different ſoils, in order to execute works with 
| all the ſecurity poſſible ; becauſe many great buildings 
have been rent into pieces, and ſome fallen down, for 
| want of having taken proper care in laying the founda- 

tion; and for a further explanation we ſhall joir here 

Plans and profils, adapted to the moſt material ſitua- 

tions that can be found. 

Firſt, it is neceſſary to examine very carefully the 
nature of the foil, upon which the foundations are to 
be built; for doing this, proper augres are uſed to 

| bore holes in ſeveral places 10, 12 or 15 feet deep, 
in order to diſcover the nature of the ſoil, and its hard- 
neſs, or (if it is made of ſeveral layers or ſtratas, which 
is commonly the caſe, ) the difference of their nature and 
goodneſs; this is known by their colour, or the difficulty 
of piercing through them. 

If che ſoil be of a good conſiſtence, for a certain 
depth, without any water or ſoft ground, and this 
holds ſo all round the foundation, there need no other 
Precaution be taken, than to lay the foundation four, 
five, or ſix feet deep; only obſerving to enlarge its 
breadth in proportion to the height of the walls to be 

built upon them ſince; the higher the wall is, the more 
| weight the foundation muſt ſupport. Although this is 
| ſeli-evident, yet engineers do not ſeem to mind it, be- 
cauſe they make commonly the baſe of the wall in 
proportion to the depth of the foundation, and not to 
the height of the wall. | 
If the foil be a hard gravel for about 10 or 12 feet 
deep, the foundation may be built upon it, without 
any danger of its ſinking ; or if the ſoil be a ſtiff clay, 
It 
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it will likewiſe be good; the firſt and ſecond figures 
repreſent the profil and plan of ſuch a foundation, 
where there are two or three courſes of large ſtones to 
be put at the bottom; and the foundation projects by 
two or three feet before, divided into as many retreats, 
but not above a foot behind, becauſe there is no dan- 
ger of the wall falling backwards : this is the cuſtom, 
but as for my part, I think there is no occaſion for any 
projection at all backwards; ſince the counterforts are 
ſufficient to ſupport the wall, and this projection might 
be of greater advantage betore, it added to thoſe al- 
ready mentioned, 

If the foil be not very firm or hard to a ſufficient 
depth, or when ſome parts are ſofter than others, it 
will be neceſſary to lay a grate of timber firſt croſs- 
ways, and then long-ways; ſome lay them firſt 
long-ways, and then croſs-ways, which ſeems to be 
beſt, 'and well bolted together with wooden trunnels, 
as is repreſented in the third and fourth figures. Some- 
times, theſe grates are boarded over with three inch 
planks, as is marked in the profil; at others, large 
{tones are Jaid between the timbers of the grate, and 
laid even with them, upon which the foundation is 
afterwards raiſed. 

Some engineers choole to raiſe the fore-part of the 
grate of about a twenty-fourth part of its breadth, in 
order to prevent the wall from being overſet by the 
preſſure of the earth, as it has ſometimes happened : 
this precaution ſeems to me to be very neceſſary, eſpe- 
cially when the rampart 1s pretty high; and the 
courſes of ſtone in the foundation ſhould have the ſame 
inclination, excepting the laſt, or the baſe of the wall 
ought to be level, it thoſe of the wall are fo. I am 
ſenſible, that ſome engineers ridicule this practice, and 
lay, that all beds of ſtone or brick ſhould be exactly in 
a level; but Mr. Cocborn, who knew. more of this mat- 
ter than moſt, if not all of our modern engineers, has 
not only laid his foundations in this manner, but like- 

6 | wiſe 
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wiſe the walls quite up to the top. This is confirmed 
by L' Abbe Dedier, in his Perfe French Engineer, where 
he ſays, that in repairing the works at Manbeim, which 
were built under the direction of Mr. Coeborn, they 
found that the courſes of maſonry were perpendicular 
to the outward ſlope, whoſe baſe is one ſixth part of 
the height, and the walls were only about three feet 
thick above, without any counterforts. This being 
the caſe, and the walls being ſtrong enough to reſiſt 
the preſſure of the earth, this manner of laying bricks 
or ſtones has greatly the advantage over that com- 
monly uſed. 

If the foil be ſand, and of no hard confiſtence, the 
grating the foundation is abſolutely neceſſary ; or if 
the foil be a ſoft Ibam or common earth, it is alſo ne- 
ceflary to take this precaution ; and in general, when 
the foil is doubtful, though not abſolutely bad, a grat- 
ing ſuch as this cannot but be very uſeful in preventing 
the walls from ſinking : and I muſt repeat it again, 
when the wall or rampart is very high, particular care 
ſhould be taken to ſecure the foundation in the beſt 
manner poſſible; for it is better to do this, though 
ſomewhat more expenſive, than to run the chance of 
making bad work at an eaſier rate, which might prove 
more burthenſome in the end. 

It is neceſſary to obſerve, that when there is any 
timber-under the foundation, the firſt courſe of ſtones 
ſhould be made without mortar, becauſe its corroſive- 
neſs deſtroys the wood; and in general, where any 
beams or timbers are laid into the maſonry, inſtead of 
mortar, ſtiff clay is uſed round it; and ſome carpenters 
make thin caſes of wood round the parts which enter 

When the foundations are fo very bad, that the 

ate of timber mentioned before is not ſufficient, but 
is hard after a certain depth, upon ſuch an occaſion, 
it is proper to drive piles, and then lay a grate over 
them, ſuch as is repreſented by the fifth and ſixth _— ö 
| theſe 


5 
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theſe piles are to be placed exactly under the croſſings 
of the timbers, to which they are faſtened with trun- 
nels, and are to be drove into the ground as far as 
they will go. a | | 

As this method of laying foundations happens moſt 
frequently in the works of a fortreſs, and is very ex- 
penſive, care muſt be taken not to make any more than 
what is neceſſary. In order to find the proper length 
of the piles, one or two are drove as deep as they will 
go, and then cut a certain number of the ſame 
ſength, and when theſe are drove, and the depth of 
the foundation remains the ſame, more are cut of the 
fame length; but if the foundation changes, the reſt 
mult be made accordingly. By this method a good 
deal of timber may be ſaved; whereas, if the piles are 
all cut at once, ſome will happen to be too long, and 
perhaps ſome too ſhart, which waſtes a great deal of 
timber to no manner of purpoſe. 
Some engineers drive piles into every corner of the 
ſquares formed by the timbers, and none under the 
frame, as is repreſented here; but this method muſt 
appear to every judicious reader, not ſo good as the for- 
mer, becauſe the frame is ſupported by nothing but 
the earth, which, deing but ſoft, muſt give way to 
the great weight of the wall preſſing upon the frame. 

Others drive not only piles under the grate, as we 
have ſaid above, but likewiſe two in every ſquare, 
that is, in the oppoſite angles; but it ſeems to me, 
not worth while to make ſuch expenſive work without 
an abſolute neceſſity, and when no other method is 
practicable. | | alles 

Beſides the piles under the grating, others are to be 
drove at the outſide next to the ditch, as is repreſented 
in the plan by the letter a; their number is uncertain, 
and ought to be regulated by the goodneſs or badneſs 
of the foundation. In both foundations, repreſented by 
the third and fifth profils, the ouifide timber nex@to 
the ditch” ought to be cut in ſuch a manner that the 

M wall 
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wall may reſt upon part of it, and the other part pre. 
vent it from ſliding into the ditch, or elſe a ſmaller 
timber ſhould be faſtened with bolts upon the larger, 
Mr. Belidor. gives an example of a wall ſliding in the 
ditch at Bergue. St. Vinoc, in Flanders, which was the 
face of a ravelin; the ſame thing happened ſome 
years ago at our wharf here at Woolwich, for the 
middle part of it lid five or ſix feet into the Thames, 
becauſe the foundation was only clay rammed even 
with the bed of the river, and which would have been 
fufficient, had the precaution above-mentioned been 
taken. 55 

We have mentioned before, that fometimes planks 
are uſed to cover the grating, and ſometimes not: 
where there is plenty of ſtones, theſe planks may be 
ſaved; but in walls made of brick they are abſolutely 
neceſlary ; for they being but af a ſmall ſize, thoſe 
which reſt upon the timber will not be able to ſuſtain 
thoſe which are between them. 

If the foundation is either all rock, or only partly fo, 
the bed of the wall is to be ſunk about 6 inches or ſome- 
thing more into it, in the manner repreſented by the 
ſeventh figure, to prevent the wall from fliding, which 
otherwiſe might happen, becauſe maſonry ſeldom binds 
ſo well with the rock as to make it firm and durable, 
When the bed is made, care muſt be taken to ſweep 
it very clean, in order that no rubbiſh or duſt remain 
in it, and after this, it muſt be wet as the wall is 
made; by doing ſo, the mortar will enter better into 
the pores and ſmall cavities, the maſonry will likewiſe 
bind with the rock in a more eaſy manner, and form 
in time but one continued folid ſtone. 

Although rock is the ſtrongeſt foundation that can 
be built upon, nevertheleſs engineers look upon it 
as one of the moſt difficult pieces of work to be met 
with; their reaſon for thinking ſo is, that they are 
ſeldom level, but riſe and fall continually, by which 
the work changes its profil at every ſmall diſtance, and 

EY: | to 
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to raiſe the foundation to a proper level, and bind the 
maſonry to the rock in a ſtrong and firm manner, 
meets with the greateſt difficulty. 4 | 

The ſecureſt manner of proceeding in ſuch a caſe is, 
to clear the rock as well as can be from all duſt and 
rubbiſh, in the manner obſerved before, and to fink 
fom four to ſix inches into it; then raiſe the lower 
parts with good maſonry mace of very thin but ſtrong 
mortar, ſo as to be in the ſame level with the higher 
ones. This work muſt be left ſome time to dry and 
ſettle, otherwiſe that part of the wall which ſtands 
upon the made foundation will fink, and break off 
from the parts which ſtand upon the rock. 

Sometimes the rock will riſe at one end nearly as high 
2s the wall itſelf; in this caſe, the work mult be raiſed 
to a level, of about ſix feet from the bottom, and then 
left to dry and ſettle for ſome time; after that, it may 
be raiſed to the ſame height again till ſuch time as the 
whole wall is finiſhed ; and to prevent the workmen 
trom ſtanding ſtill, ſeveral parts may be undertaken at 
the ſame time, and carried on alternately. | 
Sometimes it happens, that the rock riſes gradually 
behind, nearly as high as the wall, or, which is the 
lame, that a wall is to be built againſt the rock; in. 
this caſe, the rock muſt be well cleared from all dirt 
and rubbiſh, and if it is too ſmooth, it muſt be pickt, 
or ſmall cavities made in it, that the mortar may lay 
hold of, and bind it with the maſonry; and the work 
muſt be carried on gradually and ſlowly, otherwiſe 
. eee will naturally ſink and tear off from the 
ock. | | tra”: 

Mr. Belidor propoſes a method for building walls in 
this caſe, which, he ſays, has often bren practiſed by 
ſome French engineers with good ſucceſs; that is, in- 
ſtead of - uſing common mortar and ſtone in the uſual 
manner, they prepare what is called ſtone-mortar; 
which is made of thin but ſtrong mortar, mixt with 


tones, about the ſize of a walnut, a little more or leſs; 
a M 2 then 
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of the rock; then this coffer is filled with mortar, and 
let ſtand till it is dry and pretty hard; then they take 


Mahon, the rocks are generally of lime ſtone; in ſuch 


which, when they get once a vent or opening, fill the 


then they ſet a kind of coffer without a bottom, cut 
underneath, ſo as to agree nearly with the unevenneſ 


the coffer away, in order to place it elſewhere. The 
reader may eaſily perceive, that the ſurface of this 
mortar is laid ſmooth and level, and that, when it is 
well ſettled, it will ſtick much better to the rock than 
any other kind of work whatſoever; theſe kinds of 
walls become in time as hard as ſtone itſelf, as appears 
by the remains of ſuch as have been found here, in 
France, and in Germany. 

In ſome parts of Scotland, in Ireland, at Gibraltar, and 


a caſe, no better work can be made, than to mix the 
ſtones of the ſame rock with the lime; this will, by 
the likeneſs of the parts, form a work that will join 
to the rock, and in time become as one continued 
ſtone. | | 

It happens ſometimes that under a bed of gravel, 
clay, or any other hard conſiſtence, there is a ſoft 
watry ſoil or ſand, to a great depth; where it would 
be dangerous to drive piles, on account of the ſources 
or ſprings, which are generally under theſe places, 


trench made for the foundation in a ſhort time full 
of water, in ſuch a manner, as there is no poſſibility 
to build there. When this happens, a gutter mult be 
made to lead the water out of the trench into ſome 
well made for that purpoſt, if none is found near 
enough, and engines ſet to work to draw the water out 
of it into ſome Jower place or ditch. 

It may happen, that the water comes ſo faſt into 
the trench, as not to be drawn off; in both : caſes a 
ſtrong grate of timber muſt be made, and planked 
over, which being laid over the foundation, and faſt- 
ened in ſuch a manner as not to ſhift its place, then 
the maſonry is built upon it, by which it 3 gre 
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dually, till it comes to the ground, and when the foun- 
dation is raiſed above the water, it is left dry and ſettled 
before the wall is continued. 

I have been aſſured by people of veracity, and judges | 
of theſe works, that many ſuch inſtances happen in 
Ruſſia, as well as in Flanders, and yet when the walls 
are finiſhed they ſtand nevertheleſs as firm as if they 
were built upon a ſtrong foundation; it is certain, that 
theſe walls will fink, but then the buſineſs is to make 
the whole together without clinks or breakings; which 
can no otherwiſe be done, than with very good mate- 
rials, and great care and induſtry. 


id Notwithſtanding that no water appears above 
ground, and that there is only a hard cruſt of five or 
ic ix feet deep over a ſwampy ſoil, yet it is neceſſary to 
L lay a ſtrong large grate under the foundation; by 
n taking care to fink the trench as little as can be done, 
d for the ſafety of the work ; and the foundation muſt 


be carried all round alike by horizontal courſes, and no 
$ new one begun before the laſt be quite finiſhed, fo that 
if the ground underneath gives way, it may be preſſed 
alike every where, and fink rogether. 

Thr: method of carrying on the foundation alike all 
round the work ſhould be obſerved every where, ex- 
tepting on rocks, or ſuch a hard ſubſtance as cannot 
give Way, where it may be done by parts one after 
another; only obſerving to join them well together, 
= by ſteps, that no two joints may be over one ano- 
her. 

There are ſome ſituations, which, beſides being 
lwampy, the trench dug for the foundation fills in a 
ſhorc time with water; the method uſed upon theſe oc- 
cations, is, ta open only as much of it as can be made 
in-a day, and the ſtones are laid, without any other 
precaution, on the ground, and the work is carried 

on as faſt as poſſible, till the wall is above the height 
to which the water riſes ; but this foundation muſt be 
made very broad and by retreats ; and the ſtones laid 
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in. trails | | nay bon grow hard ; When 
this is done all round, and che work ſettled, the ret 
Is built in the uſual manner. * 6 
Theſe Kinds of foundations are very common i 
Flanders, and Mr. Yauban was very much puzzled 
at firſt hw zomproceed,” till ſome workmen of the 
country, Who had: been uſed to them, pur bim in 4 
method of i I have ſeen the ſame at Douay, where 
they dug a trench of about 40 yards, and three fert 
deep; and as faſt as it was opened the maſons worked 
at the foundation, which was raiſed fix feet high, 
though the next day half of it was under water, yet 
the work hood as well as if it had been built upon + 
ſolid foundanon.. - „„ 
As ide differeat ſituations and foils teqvire different 
precautions, it is impoſſible to giie particular method; 
or everyone; the molt ſecure and probable, by which 
an engineer may ſucceed, is, to conſult the workmen, 
who either live bpon the ſpot, or near it, and who 
have been employed in ſuch foundations; for they ge- 
nerally know beſt, what method will molt. likely ſuc. 
: ceed: by conſultingfſeveral uponiithedamedubject if 
they differ in their opinion, which is often the caſc, 
it is the engineer's buſineſs to judge what is belt to be 
done, and from his own experience, joined to chat of 
| i the workmen, deduce the methed by which he is to 
carry off his work. But, notwithfanding all human 
precautions that can be taken, yet acęidents will happen, 
; which are to be repaired as ſoon as poſſible, and where- 
by the engineer will learn how to avoid them after- 
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Wards, in the remainder of his works., 
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We have endeavoured to give. herg moſt of the ſeve- 
ral caſes which commonly happen in all foundation: 
made upon the land; and which, if ſtudied with care, 
Ido not doubt, but an engineer, with a moderate ſhare 
of practice and knowlege, will be enabled to perform 
ſuch works, But the manner of lay ing the foundations 
ig Hater, for bridges, uices, moles, W Pier for har 
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bours, will be treated of ſeparately in the latter part 


of this work. 


How to carry on the WoRKs of 4 FORTRESS, 


The firſt thing to be done, is to know what part of 
a fortification 1s to be built firſt. Some engineers be- 
gin with the covert-way, and ſecure it with palliſades, 
un order, they ſay, to prevent the enemy from diſturb- 
ing them in carrying on the works : this reaſon may 
do in time of war, and in a place where the enemy can 
come at; but in a time of peace, it is entirely ground- 
leſs, becauſe it is a difficult matter to know exactly 
how much earth is. required to make the rampart of 
the body of the place, and thoſe of the outworks; and 
therefore by leaving either too much, or too little, the 
carrying it afterwards to their proper places cauſes a 


great deal of ſuperfluous expences, entirely owing to 


the want of {kill in the engineer. 

Others chuſe to begin with the flanks, and then go 
on with the faces of the baſtions, that in caſe an enemy 
ſhould endeavour to diſturb them, they might keep 
him off by meang of the guns placed therein. This 
may do very well when the foundations are good, bur 
would by no means be proper, where they are bad, 
for the reaſons given before; becauſe if one part ſhould 
be built before the whole foundation is laid, it would 
be ſettled before the next 1s finiſhed, by which the laſt 
would break off from the former by its ſettling : this 
will even happen when the foundations are good. It is 


certain, that when the foundations are once laid all 


round, of about fix feet high, and well ſettled, then the 
reſt of the wall of the baſtions may be finiſhed firſt; and 
foraſmuch, that when they are full, they require a great 
quantity of earth, which is eaſily carried through the 
curtains, whereas the earth for the ramparts of the 
curtains cannot ſo well be carried through a paſſage in 
the baſtion ; but, however, every engineer may have 
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168 PRACTICAL Part III. 
his particular reaſons, for beginning the works ſooner 
one way than another. | 
When the foundations of the body of the place are 
laid, the firſt thing to be done is, the openings for the 
common ſewers in proper places, to carry off the filth 
and rain water of the ſtreets; and it muſt be particu. 
larly obſerved to give them a proper deſcent, from the 
center of the place towards the ditch, that the water 
may carry off the mud, otherwiſe they will ſoon choak 
vp, and require continual cleaning; and they ſhould 
always be carried either under or near the places where 
the bog houſes are to be made, that the water may 
carry off the filth, and prevent their ſtinking in warm 
weather, and their being nauſeous to the inhabitants, 
If there are any powder-magazines to be made in 
the baſtions, or any other building, ſuch as an hoſpital 
for the ſick, and wounded 1n time of a fiege, or ſtore- 


houſes to lodge ammunitions in, they muſt be bvilt at 


the ſame time as the baſtions ; in order that there may 
be no uſeleſs removings or diggings of earth, which 
would create ſuperfluous expences. If there are gal. 
leries for mines to be made in any of the works, they 
ſhould be begun at the ſame time : in general, all un- 
der-ground works ſhould be firſt conſidered, and begun 
as ſoon as the foundation of the walls are laid ; for 
which reaſon, not only the plan and profils of a fortreſs 
ſhould be made at firſt, but likewiſe drawings of the 
moſt minute parts of all the neceſſary buildings, which 
depend on the fortreſs, with their dimenſions marked 
ppon them, and expreſſed in the eſtimate, 
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SECT. Vu. 


M BTHOD #0 be obſerved in i 
MASONRY, 


AVING entered into all the moſt neceſſary parti- 


fortreſs, we ſhall now ſhew how they are to be applied 
in the beſt manner; and as ſtone maſonry is by much 
the greateſt part, we ſhall begin with that firſt, and 
then proceed with the reſt, each in their order, 

As maſonry made of hewn ſtones is certainly the 
beſt, but at the ſame time ſo expenſive, that few works 
are hardly ever wholly built with them; for which 
reaſon, engineers content themſelves to make the lower 
part of the wall of them, for about 8, 10 or 12 feet 
high, as likewiſe the ſalient angles quite up to the top: 
and the hardeſt ſort are chiefly uſed at the angles, 
and in thoſe places where a ſtrong current, or the ſea 
can beat againſt them; for if the ſtones are not very 
hard, the water ſtriking with a great velocity, in an 
oblique direction, wears them preſently out; as may 
be ſeen at Portſmouth. 

Maſons diſtinguiſh their hewn ſtones by two names, 
2iz, ſtretchers and headers; that is, ſuppoſe a ſtone to 
be twice as long as it is broad, then if it be laid fo as 
the length goes into the wall, it is called a ſtretcher; 
but if the length appears on the ſurface of the wall, it 
is called a header. Theſe ſtones are laid alternately, 

a header, then a-ſtretcher, through the whole length 
of the wall; and at the angles, that which is a header 
one way is a ſtretcher another. 

The engineer or his overſcers, ought to be very di- 
ligent, to ſee that theſe ſtones are well ſquared, and 
Fen hey lay them, that they bed well, that is, that 


they 


culars of the materials uſed in the building of a 
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170 PRACTICAL Part III. 
they lay quite flat on each other; for the maſons often 
are very careleſs in their work, either for the ſake of 
ſpeed, or out of meer idleneſs; and when the ſtones 
are laid, and bed not well, they put wooden wedges 
under the corners, to ſave the trouble of removing and 
ſquaring them a- new; which ſhould be prevented as 
much as poſſible, otherwiſe a wall can never be ſtrong 
and firm, and therefore has not a proper ſtrength to 
reſiſt the preſſure of earth which is againſt it. 
The ancients were ſo very nice in all their public 
buildings, that no joint ſcarcely ever appeared; which 
they did by rubbing the joining ſurfaces againſt each 
other, and laying the ſtones without mortar, leavin 
the outward ſurface rough till the ſtones were all laid, 
and then making it ſmooth. But this precaution is never 
taken now-a-days, for which reaſon no modern build- 
ing comes up to thoſe built by the ancients, either for 
beauty or ſtrength; for you may ſee in the fineſt build- 
ings in England, the joints in columns or pilaſters, half 
an inch wide, filled with very bad mortar, which by 
the weather has been worn out in a ſhort time, to the 
reat ſhame of the modern architects. 

The beſt ſtones being uſed in the facing, the reſt is 
made with ſmall ſtones, called rubble; but care muſt 
be taken, that this rubble work is well performed, in 
making the workmen chooſe thoſe which lay cloſe to 
each other, and that they fill up every part as well as 
they can, and not by a quantity of bad mortar, as they 
certainly will, if not prevented. 

If the walls are to be built in water, the ſtones muſt 
be laid with terraſs mortar, thoſe parts which are ſome- 
times dry and ſometimes wet may only be laid in tile 
or cinder mortar : when we ſay that 3 are to be 
laid in terraſs mortar, it is meant only round the facings, 
and the reſt is filled up with good common mortar, be- 
cauſe terraſs is very dear, as little is uſed as can be; I 
would adviſe the engineer, to lay all the facings with 
cinder or tile mortar, if he intends to make "NE 

| work. 
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york. For the mortar commonly uſed in facing the 
works is generally ſo bad, that it requires to be new 


done in very few years; which is not only expenſive 


but likewiſe troubleſome. 
The bricklayers and maſons content themſelves with 


| making the facing look well ; for which reaſon, when 


they build by contract, they make ule of mortar, with 


| very little lime in it, that is, no more than to keep the 


and together; and when the wall is run up, they ſcrape 
a little out of the joints, which they point with a bet- 
ter fort; ſo that the wall looks as well as if it had been 
built in the beſt manner. The only reaſon I can find, 
for their making worſe work here than any where elſe, 
is, that moſt people in and about London build upon 


| leaſes, ſo that they contract with the bricklayer to do 


the work, never troubling themſelves whether it is 


| well made or not, thinking if it but laſt their time it 


is ſufficient. 
This is what the workmen are ſo uſed to, that when 


I they are employed by the public, or government, it 
requires the greateſt care and conſtant looking after 
| them, ro make them do better work. 4 


The back part of walls, in ramparts and counter- 
ſcarps, ſhould be laid, for the depth of about two feet, 
in ſtrong mortar, ſo as to dry ſoon; and the earth 
ſhould not be laid againſt them before a twelvemonth; 
for if the wall is not well dried beforehand, the con- 
tinual dampneſs of the earth will prevent it from dry- 
ing afterwards; and this is often the caſe, that walls 
cannot reſiſt the preſſure of earth againſt them, which 
they otherwiſe in all probability would have done, had 
the work been ſet before the earth was laid againſt 
them. | | 

The manner of building arches, and other works un- 
der-ground, requires ſome particular precautions, be- 
ſides thoſe mentioned already, which we ſhall mention 
when we come to treat of theſe kind of works. 1 

EY n , 
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Mr. Belidor ſays, that hard ſtones ſhould be laid in 
ſtiff mortar, and ſoft ones in ſoft mortar; which ſeems 
to me quite. contrary to the nature of the thing, be- 
cauſe the pores of hard ſtones being very ſmall and 
cloſe, the mortar cannot enter into them without be. 


Part III. 


ing very ſoft and thin: on the contrary, ſoft ſtones 
have larger pores, and are very ſpongy, and therefore 
require a greater ſubſtance ro unite them; whereas 
thin mortar will ſoon be ſucked into the ſtones, with- 
out being able to unite them. This rule is obſeryed 
by joiners, for when the wood is hard, they make uſe 
of thin glue; and on the contrary, in deal or other 
ſoft wood they uſe that which is thick and ſtrong. 

The manner of building with bricks is mych the 
fame as that of building with ſtone; but it muſt be ob- 
ſerved, that as bricks cannot be cut to the ſlope of the 
wall, and are always made ſquare, the bricklayers make 
the joints at the ſlope ſide bigger than within, in order 
to follow the propoſed profil, which is a very bad prac- 
_ rice, for the weather beats the mortzr out of theſe wide 
joints, by which the wall requires to be new pointed 
every two or three years; we have inſtances enough of 
this kind, not proper to be mentioned here. 
Another defect ariſes from this practice, which is 
that the courſes of the bricks length being at right 
angles to the flope, and the reſt lie in a level, by which 
they make an angle, whereby the bricks can never bind 
ſo ſtrongly together, as it they were all laid in the 
ſame plan; whereas, if the outward ſlope be made one 
. fixth part of its height. and the courſes perpendicular 
to that lope, and to lie in the ſame plan, the bricks 
will bind much better together, make a ftronger 
work, and likewiſe reſiſt more the preſſure of the earth, 
as we have obſerved before. 

I know that ſome engineers, and moſt workmen, 
Hay, that the courſes of ſtone or brick ſhould always 
be in a level, ſo as to bed well, otherwiſe the wall 
will not fuppor itſelf upright; but this is no more than 

a conceit 
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conceit of the workmen, who will never go out of the 
old beaten road; for they do not conſider that the preſ- 
fre of earth endeavours to throw them forwards, and 
therefore, by oppoling a greater force to this preſſure, 
the walls muſt laſt the longer; what they ſlay may do 
very well in civil architecture, but by no means in the 
military way. 

An engineer ſhould always conſider, what method 


anſwers beſt the propoſed deſign, and never follow the 


advice of others, unleſs it is agreeable to ſenſe and rea- 
ſon; for he that follows blindly the practice of thoſe 
that went before him, will never become a good engi- 
deer. This may chiefly be the cauſe of making ſo few 
improvements in fortification ; for whoever reads au- 
thors that wrote upon the ſubject ſome hundred years 
200, will be ſurprized to ſee what few alterations have 


fince been made, and theſe are the moſt part for the 


worſe. 
Another great defect in brick-work, is the large 
jints made with bad mortar; they are commonly three 
quarters of an inch, whereas half that thickneſs is 
more than ſufficient. A certain engineer piqued him- 
ſelf, to have all the courſes exactly three inches; and 
25 the bricks are two inches. and a quarter thick, the 
joints were three quarters; but this ought not to ſur- 
prize any body, conſidering the humours of the per- 
ſon, which are altogether extraordinary, as well as moſt 
of his actions. | 
Sometimes bricks and ſtones are uſed together, eſpe- 
cially in places where ſtone is ſcarce: this may be 


done to good purpoſes; for if the wall begins with | 


ſtone to about ſix feet above ground, and is then carried 
on as high with bricks, and over this a bed of large 
ſtones is laid, then bricks as before, and another bed 
of ſtones, it will make better work than bricks alone; 
becauſe, ſtone being heavier than bricks, they keep the 
work better together by their own weight. 


When 


ts. Zo. 8 
— . 


1 11 
„* 
—- Ly W 


— — 


—— 
6 
- 


= — — 


— — — _ 
——_ —_ — — 
—— — — — r <4 1 
* 1 _ 
— 2 — * 7 P 


— — 1 ol 
[ — = 
np 


— 


We ow — , — — — 2 — A — — — — . — — 
o . ' . A © — k : 


— — 2 
* * 
"7 


— ———__—— > 
i 


— — 2 . 


. ̃⁵˙ A or my ¼—•—: 


ESSE ——Y > 1 8 


—— — A == 


3 — 


— 


* 
— 
— _ Ce CAA En <A — —  — 4 


— — 11G» — — I — 
— ze =- 


— r 


F ˙— Ae ˙*— —— TO In 1 LS 


4 — - 
— 
2 — m 


— 


— N ome 


„ 
a 
' 
4 
[1 
* 
4 
0 
0 
i 
U 
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When large ſtones are ſcarce; the facings of walls 
are made of bricks, and the reſt with rubble ſtones; but 
as it is hard to bind ſtones and bricks together, the 
work becomes very bad, unleſs great care is taken, to 
intermix them in a proper manner. The French engi- 
neers make the bricks go off from the facing towards 
the back part of the wall, in an edge, or like an in- 
clined plane, and fill the reſt with ſtones: this may be 
done another way, by carrying here and there a courſe 
of bricks quite croſs the wall, of three feet broad, 
and two high, at proper diſtances from each other, 
which will bind the wall pretty well together. In 
ſhort, the engineer ought to judge from the materials, 
and his own experience, what is beſt to be done upon 
all occaſions. 


E 


07 CASEMATS and all forts of under- 
ground WORKS. 


HE method of building the walls of under. 

ground works requires much more precaution 
than thoſe that are above, not only becauſe they are to 
be bomb-proof, but likewiſe to keep out the damp or 
wet, that whatever may be depoſited in them, as men, 
ammunition, and proviſion, in time of a ſiege, may 
Keep dry, and be preſerved without any damage. 

In ſmall fortreſſes, there cannot be too many under- 
ground lodgments, becauſe nothing can be ſecure 
otherwiſe, ſince the ſhots and ſhells can reach every 
part of the place, and deſtroy it: therefore there ſhould 
not only be a ſufficient number of magazines that are 
neceſſary to lodge ſtores and ammunition, but likewiſe 
hoſpitals for the ſick and wounded, and places to reſt 
the fatigued ſoldiers, in a ſecure manner. Whereas 
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in large places, there is always ſome part or other 

which are ſecure from ſhells or ſhot, which may ſerve 

to lodge every thing that is not immediately wanted, 
Burt before we enter into the particulars of their con- 


ſtructions and ſituations, it is neceſſary to explain the 


manner of building them. 

As we have but few works of this kind here, and 
moſt of them were built by ſuch engineers as were not 
ſkilled in them, we ſhall inſert the method purſued by 
the French, given by Mr. Belidor in his Science des In- 
genieures, as knowing that he had it from the moſt 
knowing and experienced engineers of France. 

We luppoie, ſays he, that the maſonry has been 
built with all poſſible precautions, that is, the ſtone or 
bricks to have been laid in mortar made of the beſt 
lime to be had, mixt with tile or cinder duſt, and left 
to dry a ſufficient ſpace of time before it is covered 
with a particular kind of cement, made according to 
the following manner : 

This cement is generally made of tourneys cinders, 
which 1s nothing elſe bur the cinders that are found 
in lime kilns where they uſe coals, mixt with the 
{mall particles of lime ſtone : this is beat and prepared 
every four or five days, for the ſpace of ſix weeks 
obſerving to put only a ſmall quantity of water to it 
the firſt time, and none afterwards. Or this cement is 
made with mixing one third of unſlaked lime, the 
beſt that can be had, with two thirds of terraſs, or 


inſtead of terraſs two thirds of pozolano, or elſe old 


tiles well burnt, reduced into duſt, and paſſed through 
a fheve : but whether the one or the other of theſe ce- 
ments be uſed, the parts muſt be well reduced into 
duſt ſeparately, with a hand-mill, and afterwards the 
wo materials well beat and mixed together, and to re- 
»y this ſeveral times, without any water excepting at 

rit. DTS 
Before the cement is applied to the vaults, it is ne- 
ceſſary that the maſonry be well finiſhed, and had a 
| ſufficient 
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ſufficient time to dry, which is reckoned to be about 
ſix months; then the joints muſt be well cleaned with 
a ſmall iron hook, after that the duſt and dirt being 
ſwept off very clean, ſome water is ſprinkled over it 
with a water-pot ; then the cement is laid over it, be- 
ing well worked immediately before, of about an inch 
and a half thick every where, and as even as can be, 
which is beat all manner of ways with a wooden battle, 
of two inches broad only, in order to preſs the cement 
better into the joints; after that, ir is made quite 
ſmooth with a flat iron; ſuch as are uſed for Ironing 
linen, till it begins to be hard; and for ſome time it 
mult 'be rubbed over with a mop dipt into cement 
made very thin, once every day, and then paſſed im. 
mediately over it with the aforeſaid iron, to make it 
ſmooth : and when this is done, it is covered with 
ſtraw, to prevent. the heat from cracking it; this 
work is continued till ſuch time that no cracks appear 
in it: after that it is waſhed over for five or ſix days 
as before, without poliſhing or coverings. 

In applying the cement, care muſt be taken, above 
all things, to make it ſmooth and even, and to termi- 
nate the upper part in an angle like a roof, and ſo as 
no ſtone appears through the cement. This being 
done, the cement is covered with a bed of gravel or 
coarſe ſand of four or five inches thick, laid every 
where very ſmooth and even; and upon this bed of 
gravel is laid another of earth of about a foot and 3 
half thick, well beat and rammed down, and then 
more earth is put upon it, and beat down ; this is con- 
tinued quite up to the ſurface. of the ground: Mr. Be. 
lidor ſays, that the vaults in the tower- baſtions of New 
Briſac were built in this manner. | 

I ſhould think, that if a bed of well prepared clay 
of about ſix inches deep, was laid over that of the gra- 

vel, and over that one of earth, it would much better 
prevent the water penetrating to the cement, than 
earth only: as to the grave], its uſe is to ſuck in the 
5 dampnels 


Set. 9. FORTIFICATION, 177 
dampneſs of the ground above it, and to keep the 
moiſture from the cement. , 

Mr. Belidor propoſes another method, which, he ſays, 
has been uled in the building of a famous orangery at 
Perſailles, with great ſucceſs, and which is as follows: 

As ſoon as the vault was made, it was welbcleaned, 
ind a bed of rubble ſtone laid over it, of 18 inches 
thick, without any mortar, only duſt of lime thrown 
between the joints; upon which was laid a bed of the 
ame duſt four inches thick; and then a bed of pebble 
done, and then another of flat ſtone of a foot deep; 
which was covered with another bed of lime duſt of 
four inches thick: this, he ſays, was contifived to the 
rery top, and even with the level of the terraſs above 
t. This vault has ſtood hitherto the weather, without 
the leaſt change or alteration, 3 
The ſame author ſays, that ſometimes a bed of clay 
; foot thick has been laid over the firſt bed of ſtone, 
ind one of mortar three or four inches thick over the 


«Wt, and then the earth. To ſecure the piers of under- 
i- ound vaults againſt the water filtering through the 
25 Witarth, a wall of dry ſtone is made againſt them on the 
\o ſurſide, of two feet"thick, without mortar, the joints 
0. leing filled with gravel or coarſe ſand; and the wall 
ry continued to within two feet of the roof of the vault; 


he reſt being finiſhed with good maſonry, and cover- 

with the bed of cement,, which lays on the vault, 

en ed is extended over the wall. This precaution will 

n- ure the piers from all dampneſs; but it ought to be 

2, Wiblerved, that this dry wall ſhould be two feet lower 

4 WMitan the foundation of the vaulr, in order to make a 
utter for carrying the water into the ditch, 
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SECT. X. 
Of SALLY-PORTS; 


Plate IX. CN Ally-ports, or poſtern-gates, as they are 

ſometimes called, are thoſe under- ground 
paſſages which lead from the inner works to the out. 
ward ones; ſuch as from the higher flank to the lower, 
or to the tenails, or the communication from the mid- 
dle of the curtain to the ravelin. When they are made 
for men to go through only, they are made with ſteps 
at the entrance and going out, as may be ſeen in the 
firſt and ſecond figures. It may be obſerved, that 
when the rampart is not of a ſufficient height, as it 
happens here, it being but 15 feet high, the entrance 
has been ſunk 5 feet below the level, in order to ſe- 
cure the arch againſt ſhells; and the outſide of the 
arch 1s circular as well as the inſide, and not in the 
form of a roof, as Mr. Belidor would have it; becauſe 
it is not poſſible to make them ſo, unleſs the rampart 
is very high; neither can the inſide of the paſſage be 
above 6 feet wide, and the height but 8 and a half, 
otherwiſe it will not be covered with a ſufficient quan- 
tity of earth to ſecure it againſt accidents. 

There is always a gutter or ſewer made under the 
ſally-ports, which are in the middle of the curtains, for 
the water which runs down the ſtreets to paſs into the 
ditch, as we have marked in the firſt profil ; bur this 


can only be done when there are wet ditches, becaule 


the water would ſettle in dry ones before the ſally-port, 
and make it difficult to go out and in: beſides, the 
ſmell of this dirty water would become very offenſive 
in warm weather. 

Theſe under- ground paſſages are ſecured by two 
ſtrong doors, the one at the entrance and the other at 


the going out: the outſide of the paſſage is generally 
walled 


© 
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walled up in time of peace, leaving only an opening 
like a window to let the air in, that it might not be l 
too damp, and rot the doors. The ſide-walls, or piers, 4 


— — 
— 


2s well as the arches, are two feet thick above, and two 
and a half near the foundation; there being no occa- 
fon for counterforts, as Mr. Belidor has them; the 


—— — 


W 
— 


— 
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re wall being of a ſufficient ſtrength to reſiſt the preſiure 1 
nd of the earth, as we have found by computation. The | 
t- white Tpace above the arch in the firſt figure, termi- j 
er, Wl nated by two parallel lines, repreſents the cruſt of ce- | 
id- WM ment laid over it, and the dotted ſpace above this, the i. 
de bed of dry ſtone ſpoken of before: the front wall at | 
ps Mite entrance is raiſed three feet above the rampart, to i 
the prevent people from falling down in the dark. l 
hat Wl At the ſides of "theſe paſſages powder-magazines | 
it re often built, which are very neceſſary for having 1 
ace Wltores and powder nigh at hand to tranſport them into | 
ſe- Nhe outworks in the time of a ſiege; they are made in | 
the N proportion to the quantity of. ſtores wanted. Thoſe 
the MWinarked in the ſecond figure are 13 feet by 18; but it 1 
uſe Winuſt be obſerved, that their with depends alſo on the a 


bart Weight of the rampart ; becauſe there muſt at leaſt be f 
be feet of earth abeve them, in order to make them i. 
alf, Mbomb-proof. The walls as well as the arch are but | 
lan- feet thick, ſloping at the outſide, ſo as to be but four | 
tear the foundation, without any counterforts. q 
the W When ſally-ports ſerve to carry guns through them 1 
for {tor the outworks, inſtead of making them with ſteps, 1 
be 8 is repreſented in the firſt and ſecond figures, they 9 
this 


auſe 
ort, 

the 
ive 


two 
er al 
rally 


alled 


nuſt be made with a gradual flope, as is repreſented in 
tne third and fourth figures; and they muſt then be 
feet wide: if the rampart is but low, the arch may 
de made elliptical : in ſhort, in the building theſe paſ- 
Ages, regard mult be had to the profil of the rampart, 
ind to the uſe they are intended for, whereby the pro- 
per dimenſions may be determined. 

When they are made with a gradual flope, the 
bricks of the piers or ſide-walls muit be made by ho- 
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izontal courfes, as high 2h as the fp ſpring of the arch; 3 and 


the arch itſelf Arch s..- hors to the ſlope, in the man. 


* 
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„ 


r 


ner repreſented by the third figure: there are two fold. 

1 ing doors, one at the entrance, and the other at the 
going out, that they may leave a free paſſage for gun; 
and other warlike engines; and ſometimes ſeveral of 
theſe doors are made, in order to defend the paſſage; 
for which purpoſe, wickets and loop-holes are made in 
them, to retire through and defend them one after 
another. 

The walls are about two feet and a half near th- 
foundation, with a ſlope on the outſide, ſo as to be 
two feet only near the ſpring of the arch, and the arch 
itſelf is but two feet without any counterforts; becauſe 
the weight of the arch is ſufficient to counter balance 


the preſſure of the earth. The magazines on both 


3 SIe 


Lb ORE 


| to bake the bread : theſe buildings conſiſt of a long 
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begins the work. 


ſides of this paſſage are 14 feet ſquare, and the wall; 
are half a foot ſtronger than the others, The top of the 

arches of both the paſſage and the magazines are co- 
vered with a cruſt of cement, and above this with dry 
ſtones, as well as the [ide walls, in the ſame manner as 
has been mentioned before. 

In fortreſſes where a river paſſes through the ditch, 
ſuch a paſſage as the laſt is made to water the horſes, 
Theſe paſſages are fometimes walled up in time of 
peace, and at others left open, with a ſtrong gate to 
lock them up at night; but as they are the ſame a: 
the former, we ſhall ſay no more about them. As to 
the foundations, and many other particulars relating 
to theſe paſſages, we ſhall leave them to the judgment 
of the engineer, who is to conſider well all the conve- 
niences, and every minute circumſtance, before he 


It is cuſtomary to build hoſpitals for the ſick and 
: wounded under the level ground of the baſtions, a: 
: likewiſe powder-magazines, ſtore-houſes, and ovens 
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ent angle, with as many rooms on both fides as are 
thought neceſfary ; ſome of them have chimnies, and 
others air-holes coming out within the baſtion : theſe 
buildings are eſpecially made when there is a cavalier in 
the baſtion, becauſe they need not then be ſunk under 
the level, there being always a ſufficient quantity of 
earth above them, to reſiſt the force of the ſhells. 


the ſame precautions as the former, 


SECT. XI. 
Of CASEMATS 77 the RAVELIN. 


S we eſteem the ravelins to be the moſt eſſential of 
A all the outworks of a fortreſs, ſo we think that 
nothing contributes ſo much to a long . and ſtout de- 
fence, as the making them capable of all the reſiſtance 
that is poſſible ; for a town, defended as it ought to be, 


ter of the ravelin in the front attacked. Cocborn and 
ſome others have made their ravelins with caſemated 
lanks, but for what reaſon is unknown to me; though 


iderable works: it is therefore worth our while to ex- 
amine their uſe and perfection, in order that young en- 
gineers may not be miſſed by the erroneous opinions of 
their ſuperiors. _ 

As theſe flanks cannot defend the ravelin in which 
they are, their intent muſt neceſſarily be to defend 
ſome other work; which can only be the breach in 
the faces of the baſtions oppoſite to them, the paſſage 
of the great ditch, or the covert- way. But as the ra- 


deſtroyed by ſhells, and the ricochet batteries, before 
theſe works, are or ought to be attacked, it is evident, 


Theſe works are built in the ſame manner, and with 


can never be taken till ſuch time as the enemy is maſ- 


ſeyeral pretended engineers look upon them as con- 


velin in the front attacked, is either taken, or its defence 


that theſe flanks in the front attacked can be of no uſe 
| N 3 GET 
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at all. Neither can thoſe of the ravelins in the fronts, 
adjacent to that attacked, be of any bſe, ſince but a few 

off the guns placed there will bear upon. the attack; and 
the beſiegers have always Ticochet, batteries. to deſtroy 
the defences” of theſe works, which ſee the attack, as 
may be ſeen in the fixth plate of our attack; belides, 
the ſame batteries which, batter the breach in the baſ⸗ 
tions, will ſee obliquely theſe flanks ; or the molt trou- 

le theſe flanks can'cauſe, is to oblige the beliegers to 
raiſe two batteries of four guns each, in order to de- 
{troy them. I leave it therefore to the judgment of the 
reader, whether it is worth while to make theſe expen- 
five works for ſo little a purpoſe; or whether ſome 
others might not be made ot a much better defence, and 
of no more expence than theſe. 

Notwithſtanding that the ravelin in the front at- 
tacked at Bergen-op-zoom had caſemated flanks, yet 
the French took both baſtions and ravelin at the ſame 
time, without giving the beſieged time to fire a gun 
from them: this was not ſo much owing, to the bad 
conſtruction of the works, as to the unſkilfulneſs of 


the defenders, or to ſomething elſe not proper to be 


made public. 

Plate X. The beſt way to ſecure the ravelins, when 
the ditches are dry, in my opinion, is to make redoubts 
in them, with a parapet of about 12 or 13 feet thick 
only, and about two feet lower than that of the ravelin; 
that thickneſs is ſufficient, ſince it can only be ſeen 
from the rampart of the ravelin: and if the counterſcarp 
be caſemated in the manner marked with dotted lines in 
the plan, Fig. 1, and as the plan of the works ſhews 
in the ſecond figure, it appears to me a difficult mat- 
ter for an enemy to get poſſeſſion of it. 

That there may be 210 cure communication from the 
works in the Bre to thoſe in the rayelin, and from 
thence to the covert. way; traverſes are made in the 
ditches, marked L, IL, in Figure 1. or 4, V, in the 
ſection, Fig. 3. Theſe caſemats have t two entrances, 


5 8 marked 


* + 
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marked E, E, in Fig. 2, from the ditch or the capo- 
nier uſually made from the oppoſite curtain to the 


gorge of the ravelin, as well as two ſtair-caſes, marked 


D, D, in the ſame figure, to mount into the redoubr, 
as like wiſe two more in the level ground of the ravelin, 
not marked here; fo that if the e enemy gets poſſeſſion 
of one ide of the ravelin, the garriſon may ſally out 
through” the other ; or when the redoubt is loft as well 
as the under: ground work on one ſide, they may retire 
through the other. 

As the beſiegers can no otherways get poſſeſſion of 
theſe works than by mines, openings mult be left in 
the great gallery A, A; at proper diſtances, for counter- 
mines to be carried on all the way under the ramparts, 
and behind the parapets, to reh. the enemies miners; 


xs likewiſe” to oppoſe every attempt they can make, 


both above and under ground, in ſuch a manner as 


to make it equally hazardous wherever they may chooſe 


to aſſall the work. 

The openings of theſe galleries into the ditches of 
the ravelin and redoubt muſt be well ſecured with 
ſtrong” doors, full of iron; and behind theſe, others 


with wickets and Wok-holes, to retire behind, and to 
defend the entrance that way, in caſe the enemy ſhould 


attempt it; as probably he would, if they were not well 
cured.” 
The walls of theſe” under-ground works need only 


be about two feet thick near the foundation, with a 


lope on the outſide, ſo as to become a foot and a half 
near the ſpring of the arches; this will be ſufficient, 


becaufe the arches will ſecure them againſt rhe preſſure 
of the earth. The piers which ſeparate the lodgmenis 
B, are not ſo much made to ſtrengthen the wall, as to 
prevent the arches from being too high, which may be 
cllptical or parts of circles. Thefe Jodgments are 10 


ker” wide, that is, as much as the great gallery is 


brad, in order that the arches may join well; and 
3. 4 the” 
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the baſe of the piers is 8 feet long; ſo that the whole 
breadth of the great gallery and the lodgment together 
is 18 feet. | as 5 

The bottom of this gallery muſt be about 18 inches 
above the bottom of the ditch, in order to ſecure it 
from dampneſs, and the piers are 7 feet high, with 
loop-holes between them, which look into the ditch, 
to give air to the lodgments: as to the reſt, the plans 
and ſection ſufficiently, ſhew our meaning, without 
being neceſſary to enter into any farther explanation. 
The only thing to be farther, obſerved, is, that the 
arches at the entrance E, and over the ſtair-caſes D, 
muſt be made conical; as to the others, the reader 
may ealily perceive how they ought to join. 

Mr. Coehorn made ſuch galleries all round his coun- 
terſcarp at Bergen- op zoom, with loop- holes to fire into 
the ditch, and, at the re- entring angles of the places of 
arms, lodgments nearly ſuch as are marked here, 
which he called Tambours : and to ſecure the entrance 
above ground, he made a traverſe on each fide of the 
ſtairs, as likewiſe placed a row of palliſades. As theſe 
lodgments made the beſt defence of all his works in 
the laſt ſiege, it is plain that they are very advanta- 
geous in a fortreſs ; but as to the gallery round the 
counterſcarp, it was of no other uſe than to lodge the 
troops ſecurely from danger, and to carry from thence 
galleries for mines, under the covert-way and glacis. 
For which reaſon, I would either chooſe to make none, 
or one of about 6 or 8 feet wide, which would ſuffi- 
ciently anſwer the intent propoſed, and beſides would 
colt very little more than à ſingle wall with counter- 
forts : there might be ſome wooden doors placed at 
proper diſtances, with loop holes, ſo that if one part 
was taken by the enemy, the defenders may retire ſe- 
curely into the others. * | 
As to the caſemats under the 


places of arms, they 
ought by no means to be neglected; 


and to ſecure their 


entrance aboye, there ſhould ſmall redoubts be m_ 
4 
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of 12 or 15 feet parapet, and a dry ditch before them; 
by this means the places of arms may keep off ah ene- 
my a Jong while, and make them pay dear if they take 
it; as it happened to the French at Bergen-op-200m. 

It may be obſerved in general, that a fortreſs with- 
out under-ground works can make but a ſmall defence 
now-a-days, againſt the great quantity of artillery 
with which armies are furniſhed at preſent; for the 
defences above ground are ſoon deſtroyed thereby: 
therefore an engineer, who undertakes to fortify a place, 
muſt make uſe of all his {kill and knowlege, to con- 
ſtruct ſuch under-ground: works, as are beſt adapted 
to the nature of the ſituation; and to be as ſaving as 
poſſible, becauſe theſe kind of works are © naturally very 
re. 


8 E GT. XII. 
Of Cannmarid FLANKS. 
Plate XI, ESS. Coeborn and Vauban were very 
fond of caſemated flanks; the former 
made ſame in the ravelins at Bergen-op-2oom, and. the 
latter in his tower baſtions at New Briſack ; they have 
been in great eſteem formerly by moſt engineers, and 
a fortreſs without them was not thought to be of an 
ſtrength; but now-a-days they are generally rejected, 
becauſe experience has ſhewn, that the ſmoke becomes 
ſoon ſo troubleſome as nobody can bear it, notwith- 
ſtanding all the chimnies and air-holes that can be made 
to prevent it. 

As the only objection againſt theſe caſemated flanks 
is their ſmoking, engineers have endeavoured to find 
ſame remedy or other for it; but that propoſed by 
Mr. Belidor ſeems, in my opinion, to be the beſt, and 
is what has been practiſed in ſeveral places, as 1 am 


told, and have ſeen myſelf at Portſmouth, near the ſea; 
| which 
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which is, to leave them open behind, in the form of 
piazzas; ſo that each gun has an arch over it, as the 


plan, elevation, and ſection, in the eleventh plate, ſhews 


by the letter B; and the embraſures are marked by the 


lerter C, Which are Mr: Helidor's own draughts; he 


ſuppoſes the. thickneſs of the front wall to be 18 feet, 
and to be of ſolid maſonry; but as this would be very 
expenſive, and ſeems to be uſelefs, I would only make 
a common wall and line the embrafttres with brick, the 
reſt being filled up with earth in the ſame manner as 
1 1 as we repreſented by one half of the plan: 
I ſaid, that the embraſures ſnould be lined with bricks, 
becauſe they, being ſofter than ſtone, do not ſplinter ſo 
much, and the ſhots make only holes; without break- 


ing them ſo ſoon as if they were made of ſtone; Above 


theſe caſemats Mr. Belidor propoſes to make another 
battery, as may be ſeen in the ſection at A, annexed to 
the outſide elevation; but in low ramparts, ſuch as we 
propoſe, it will hardly be poſſible, and therefore this 
upper battery may be left out. 

This method of making batteries may be of great uſe 
near the ſea or great rivers, where large ſhips can ap- 
proach pretty near; for they generally place men on the 


top-maſt round, Which, being higher than the parapets 
of low batteries; gall the gunners in ſuch a manner with 


ſmall ſhot; that they cannot ſtand to their duty; this is, 


as I take it, the reaſon that ſhips always get the better 
of land batteries, and not the fupertority of guns, as the 
mariners imagine; whereas, if the batteries were arched 


in the manner I en 1 it would be quite other- 
wiſe. 


caſemated batteries, which is, that if the piers were 
broader near tlie parapet than at the other end, and the 


arches conical, ſo as to open more behind, the ſmoke 
would evaporate in a freer manner than if they were 
cyhndrical; it is true, that the conſtruction of conical 
| ape is more difficult; and not very common, but an 


engineer 


Another obſervation is to de made; in regard to theſe 
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engineer ſhould never conſult the caſineſs of the per- 
formance but rather, the perfection and uſefulneſs of 
the work. | | | 

If this manner of building batteries. near the ſea, or 
navigable rivers, ſhould be thought too expenſive upon 
ſome occaſions, it will be ſufficient to make ſheds over 
them with planks or even with canvaſs, to prevent the 
gunners from being ſeen when they are upon the bat- 
tery 3 for as they are in no danger of ſhells, any thing 
that covers and hides them will anſwer the purpoſe; 


but the caſe is different in flanks, becauſe what the ſnot 


cannot effect, the ſhells will do, if no precautions are 
taken againſt them. ; 
As we are treating of flanks, it will be proper to con- 


ſider the conſtruction of the embraſures; whole common 


form is, to make them narrow within and wide with- 


out; ſo as to enable the guns to fire not only directly, 


but likewiſe, obliquely: this method has been objected 
againſt by a late author, ſaying, that the embraſures are 
ſooner deſtroyed this way than if they were narrow with- 
out and wide within. But as this author has very little 
knowlege in gunnery, notwithſtanding his boaſted ex- 
perience, he did not know that it was impracticable to 
move the guns ſide - ways, from one fide of the embra- 
ſure to the other, as the nature of theſe embraſures re- 
quire: whereas the field carriages, having only two 
wheels, are eaſily directed to the right or left, as 
occaſion requires, when the embraſures are narrow with- 
in and wide without. This gentleman, ſeeing loop- 
holes made in this manner at Bergen- op-· zoom, imagined, 
[ ſuppoſe, that cannon were as eaſily managed as muſ- 
kets, with which he is beſt acquainted. 
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188. PRACTICAL Part III, 


8 ECT. XIII. 
Of CAPONIERS, 


CAPONIER is nothing elſe but a paſſage 
made in a dry ditch from one work to another 
when they are made from the curtain of the body of 
the place to the oppoſite ravelin, or from the front of 
a horn or crown work, they have a parapet on each 
fide of ſeven feet higb, ſloping in a glacis on the out- 
fide to the bottom of the ditch ; the width within is 
from 15 to 18 feet, with a banket on each fide : there 
is a brick wall to ſupport the earth within, of a brick 
and half aboye, with a flope of a fifth part of the 
height; this wall reaches only within a foot and a half 
to the top, to prevent graſing ſhot, from driving the 
ſplinters amongſt the defenders. Theſe caponiers with 
two parapets may properly be called double; for there 
are ſome made with one parapet only, in dry ditches 
of the ravelin, and in that of its redoubt, towards 
the ſalient angles, and open towards the body of the 
place: it is true, that theſe ſingle ones are alſo called 
traverſes, but differ from the traverſes in the covert- 
way, by their tops ſloping in a glacis to the bottom of 
the ditch, whereas the others are made in the form of 
all other parapets. 

Caponiers made from the body of the place to the 
outworks, are ſometimes arched over, with loop- holes 
ta fire into the ditch : they have likewiſe doors on both 
ſides for a communication from them into the ditch ; 
becauſe the beſiegers never fail to deſtroy them by ſhot 
and ſhells, to render the paſſage more dangerous. The 
ſingle ones in the ditch of the ravelin and redoubt 
are likewiſe made with arches open towards the place, 
ſuch as we have ſpoken of here before. By making 

them in this manner, the guns which defend the ditch 
before 
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before them can no otherways be diſmounted than by 
mines, and when they are ſo low as that no mines can 
be made under them, the enemies paſſage over theſe 
ditches becomes very dangerous. 

To make the pallages or communications from one 
work to another, ſo as not to be interrupted in time of 
a ſiege, or deſtroyed, is the moſt difficult part of forti- 
fication; for when the retreat out of a work is cut off 
or made dangerous, the troops inthem neither will nor 
can defend them with ſo much courage and bravery as 
they would do otherwiſe ; and this is the reaſon that an 
enemy always endeavours to deſtroy them; and ſhould 
likewiſe engage engineers to prevent 1t. 


S E & TT, XIV. 


Of Town-GaT=zs and GUARD-HOUSEs. 


HESE gates are made various ways; ſometimes 

there is only an open paſſage cut in the rampart, 
ſhut up by a ſtrong wooden gate, or with a draw- 
bridge; and at others, this paſſage is arched all over, 
with a guard-houſe within, and a draw-bridge and a 
gate on the outſide : the outſide front is generally or- 
namented with pilaſters and a pediment; the decoration 
chiefly depends on the taſte the engineer has in archi- 
tecture. | . 

As we have no author that has wrote on military ar- 
chitecture, nor any of our fortreſſes, that I have ſcen, 
has any works of this kind worth mentioning ; I was 
obliged to have recourſe to Mr. Belidor's Science des 
Ingenieurs, which is the only work that treats of theſe 
things in the modern taſte; for what is to be found 
in Dilichius, Spekel,” and other old German authors, is 
of ſo groteſque a taſte, as ſcarcely would be followed 
now-a-days. But as the French are ſo magnificent in 
their military buildings, and the deſigns of this author 
U are 
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ae chiefly adapted to large fortreſſes, 'which are not in | 
uſe, nor neceſſary in this country, we have endeavourcd 
to make ours in ſuch a manner as will nioſt probably 
be of uſe to our engineers. 
Plate XI. Our firſt deſign in this plate is quite 
Plain; the width of the paſſage is ten feet, and arched 
above ; at the entrance within is a guard room for the 
ſoldiers on one fide, and one for the officers on the 

other; each of theſe rooms is twelve feet ſquare, hay. 

Ing a window in the front, two feet and a half from 

the ground, three feet wide, and fix high; for it is a 
general cuſtom in all buildings to make the windows 
on the ground floor twice as high as they are broad: 
the chimnies are four feet wide, and a foot deep, 
half of which is taken out of the thickneſs of the wall, 
and the other projects into the room, and is ſupported 
by piers of a foot thick: the doors are three feet wide 
and ſeven high. | 

The,walls of the paſſage which ſupport the arch are 

eight feet high, three feet thick near the foundation, 

with a ſlope on the outſide, ſo as to be two feet and a 
half at the ſpring of the arch, which is alſo the thick- 
neſs of the arch itſelf ; the walls of the guard-room are 
two feet thick. only, and the height 'of the elevation 
from the bottom to the roof is fifteen feet. 

I have made no counterforts to theſe walls, becauſe 

the preſſure of the earth, together with the ſtrength of 
the wall, will be ſufficient to reſiſt the preſſure of the 
arch. This arch, as well as all thoſe mentioned here- 
after, muſt be covered with a bed of cement and dry 
ſtones over them, as has been mentioned before, where 
we. have treated of this ſubject. 

The outſide of this paſſage; that is next to the ditch, 
is hut by a ſtrong wooden gate covered with iron bars 
and rails, ſo as not to be cut open by any tools; and 
if it be thought neceſſary; a draw-bridge may be made; 
but as this gate is deſigned for a ſmall fort only, there 
is no occaſion of making any ornaments that + 004 
| . 5 mue 
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much expences; for which reaſon, a plain wall with a 
ediment will be ſufficient, 

Plate XII. As the outſides of gates are made va- 
rious ways, and thoſe in ravelins, horn or crown works, 
are different from thoſe of the body of the place, be- 
cauſe the paſſages are not arched, but always left open 
above, we have given here three different ſorts; the 
firſt is quite plain, and may ſerve for any outwork: 
it is compoſed of two piers of 24 feet high and 7 
broad, with a baſe of two feet high, having a cornice 
and round balls above; the opening in this and the two 
following ones is 10 feet: the firſt figure repreſents 


the elevation, and the ſecond the ground plan, with 


the ſlopes and projections; there is a draw- bridge to 
this gate, the ſection of which is repreſented in the 
elevation. | 

The third figure repreſents likewiſe the elevation of 
a gate 4n an outwork, made in a more expenſive man- 
ner than the former; for the two piers are of hewn 
ſtones, ten feet broad, and 27 high; each of them is 
ornamented with two pilaſters, made according to the 
Tuſcar order; that is, the height is fix times their 
breadth, the pliath or bale is half the breadth high; 


the fillet: and if we ſuppoſe the breadth of the pi- 
laſter to be divided into -24 equal parts; the aſtragal 
and fillet is one and a half of theſe parts, the gorge 4, 
the next fillet one, the quart de rond 3, the abacus 3, 
and the laſt fillet one; the entablement is 30 of theſe 
parts, The fourth figure repreſents the ground plan, 
with the ſlopes and projections. 

The- third gate, repreſented by the fifth figure, is 
deſigned for the body of the place, when the paſſage is 
arched; the width of the gate is 10 feet, the height 
from the bottom to the ſpring of the arch is 8, but 
may be fm 8 to 10 or 12; the diſtance from one 
wall to the other 14, and their height including the 
cornice 30, and 12 broad; as to the pilaſters, pedi- 

ment 
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as is likewiſe the torus or moulding next to it, with 


”— — — 2 


— — — _ — 2 
5 Ip — „ bs 


8 „ 
5 9M TL * 2 wy.) 
wa LEE . 


. * 
. — Le 
8 * 3 
8 


* 


— 5 — "1 ww 6 
- — . 
” * — A ; — EIT ONS — — * — — * 
J— Co 
1 _ | 1 1 


—j—— — —— — 


wU—ñI—ãyk— 44 ͥ́XL5v cr - 2 


* * — — —— ͤ ͤ —ñwm-—ů ' 


— — 


e ee Pare 


— . — * 


building of the place. 


that if an enemy cuts one timber to pieces, another may 
= "2. mA F . 5 
immediately be let down, which cannot be done in the 
harrow. 15 1 


ment and moul ings, they are the ſame as before, an 
the pediment is from one third to two ninth parts d 
its baſe high: the pediment ought to be ornamentel 
eicher with the King's arms, or with military enſign, 
and above the gate under the arch, which joins the 
piers, the arms b the city, or elſe of ſome particulu 

rſon of note who has moſtly contributed to the 


The are only a few ſpecimens of gates, to give the 
young practitioners an idea of theſe kinds of work; 
the proportion of the parts may vary as well as the 
ornaments z but when there are pilaſters or columns, 
they mult de conſtructed according to the dimenſions 
of the order they are made of: we have made uſe of 
the "Tuſcan order as being the moſt ſimple ; but x 
young engineer ought not to content himſelf with what 
has here been given, but apply himſelf to that part of 
archire&ure, which is moſt uſeful; and if he wants 
gates of a finer” taſte, he may conſult Mr. Belidor's 
Science des Ingenieurs, where he will find a great varicty, 
and well-choſen examples. 

Gates of large fortreſſes require more attention, 
than thoſe of ſmall ones; they muſt not only be ſecured 
with draw-bridges, but with port-culifſes, harrows, 
or organs. A port-culiſs is a wooden gate well co- 
vered with iron, with ſharp points, drawn up in the day- 
time by-pullies, and let down at night. A harrow is a 
oate made of timber, whoſe dimenſions are commonly 
6 by 4 inches, and 6 inches diſtant from each other, 
well faſtened to three or four croſs bars, and ſecured 
with iron: and an organ is a wooden frame, with 
double bars, through which the timbers ſlide and fall 
down. The organ differs from the harrow in that the | 
timbers are not faſtened together, and is often prefer- | 
red to the harrow'on that account; becauſe it is ſaid, 
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The port-culiſs, harrow, and organ, ierve all for the 
ime purpole ; that is, to ſtop an enemy in caſe he has 
ound means to let down the draw-bridge : either the 
oe or the other may be uſed, as the engineers think 
oper, and ſometimes two of them, that if one has 
Ween cut or burnt, the other may ſerve to ſtop the 
nemy. ' | * 

Bur to leave nothing which may give a clear idea to 
Peginners, we ſhall give fome deſigns of theſe gates 

hen we come to treat of draw-bridges, barriers and 
ther things of that kind. | 

Plate XIII. As we have given one example only of 
& cown-gate, which is very plain and ſimple, we ſhall 
preſent the reader with another, that may ſerve for the 
body of the place, which, though plain, yet is, .in my 
pinion, ſufficiently ornamented; it is compoſed of an 
arched paſſage and two piazzas at the entrance, for the 
Fconventency of foot paſſengers, to get by carriages 
chat enter or go out: at the left fide of the entrance is 
the guard-room for the ſoldiers, and at the right the 

oom for the officers, and as this laſt need not be ſo 
Warge as the former, a priſon is made, ſo as to make 
oth ſides of the paſſage alike ; above theſe rooms, and 
yer the gate, are lodging-rooms, for the town major 
and ſome other officers. 


Worm the cavity for the port-culiſs, as.well as thoſe on 


or piers which ſupport the arch is four feet near the 
Foundation, reduced to three above, near the ſpring of 
the arch, and are 8 feet 6 inches high, and the arch is 
hree feet thick, The length of this paſſage, and that 
of the former, depends on the thickneſs of the rampart, 
or which reaſon they are not determined; the piaz- 
zas at the entrance are 9 feet wide, and 12 deep; the 
piers which ſupport the arches, 5 feet each way; the 
euard-roomfor-the ſoldiers. is 20 feet long, and 14 
deep, with two windows of 2 and a half or 3 feet 

O wide, 


The paſſage is ten feet wide, and the projections to 


Ppoth ends, are ſix inches; the thickneſs of the walls 


8 
28 


ch. af Ml e © ” a 1 * 7 * 


— —_————_ ˖— — 


ä — 


Wicle, and as high again; the chimney 4 or 5. and th 
door 3 by 7. The officers room is 10 4 feet long au, 


ö 


% PRACTICAL Fenin 


GEN 1 


14 deep, and the priſon 8 by 14; the walls of the; 
rooms are 27 inches, or three 
tween the officers. room and the priſon is a; brick and; 


half only, and the chimneys 4. feet wide; as to th 


windows and doors, they are the ſame as the others. 


As this building is too large to make it but one fr Þ 


high, it was for this, reaſon. we contrived the aboy: 
mentioned lodging rooms above it: the clevation he: 
is that of the inſide or entrance, in which we could ny 


repreſent the chimneys for want of room in the pla: 


The fifth figure of the laſt plate is the elevation of t. 
outſide next to the ditch ; to this front is annexed any. 


ther building, the lower part of which ſerves for tt; 
baſcul of the draw-bridge, and the upper to recci: 
the port-culiſs : the ſection through the length of h, 


paſſage ſhews partly the nature of the building, whe: 
breadth is equal to that of the paſſage and walls. 
As the inſide and outſide buildings do not join abox 
there is a paſſage left between them for a free commu 
nication upon the rampart, from one ſide to the other, 
that part of the arch is covered with a bed of cement, 
and dry ſtones over it, with three feet of earth beſide, 
In this ſection is alſo ſeen the ſide of the wooden frame: 
a b, called baſcul by the French, which is fixed to th: 
draw-bridge, by one end b, with a chain at each (id: f 


Each paſling over two pullics or rollers, turning upon 


an axis at the other end a, and is a kind of counter 
poiſe to the draw. bridge, to raiſe and let it down by; 
the particulars of which ſhall be explained hereaftet, 
When we treat of draw. bridges. 

There are ſtone ſteps made at the ſides of the inſide 
building to mount upon the rampart, which are no! 


| marked here in the plan, but are neceſſary, becaul: 


there is always a ſentry placed there at night; beſides, 
when there is an alarm, that the guard may mount 


| quickly and without any obſtruction. 
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At the entrance of a fortreſs, and in the works that 
cover the gate, ſuch as ravelins, horn or crown works, 
are guard rooms built for the party without the inner 
gate, and which are ſhut out at night, by the draw- 
bridge in the curtain of the body of the place: theſe 
buildings conſiſt of two rooms, one for the officers, and 
the other for private men, as the plan and elevation in 
this plate ſhews. | 1 | 

The officers room is 12 by 12 feet, and that of the 
private men 12 by 15; and there is a piazza of four 
arches before it, of 6 feet broad, and as long as the 
building, for the ſentry to walk under in hot and rainy 
weather; the arches are ſupported by ; piers or pillars 
of about 15 inches ſquare, and at 6 feet diſtant from 
each other: the wall is two feet thick, the windows 3 
wide, and- as high again; the chimneys 4 feet wide, 

and the doors 3 by 7; the elevation is about 16 feet 
high, including the parapet wall of the roof. The 
piazza may be made arched or flat roofed, according 

as it is thought proper by the engineer. | 


. 
Of BRIDGES. 


Plate XIV. FIX HE next works in order are the 
bridges of different kinds, ſuch as 
 draw-bridges, turning-bridges, - ſtone or wooden im- 
\ moveable bridges; as the craw-bridges are immedi- 
ately joined, and make a part of the town-gates, we 

ſhall enter firſt into their conſtruction. 
They are generally ten fert wide, and twelve long; 
and are compoſed of the trunion- beam a, head - beam 5, 
and fix joiſts C, covered with two inch planks, 4. 
the trunion beam is 12 inches broad, and 10 thick; 
the head - beam 10 broad, and 8 thick, and the joiſts 
are five by fix, tenanted into the trunion and head. 
O 2 beam; 


* 
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beam; as theſe planks would ſoon wear out by the car. 
riages that continually paſs over them, they are covered 
with iron bars of ſeven feet long, and about three 
inches broad, one over each joint, and one upon the 
middle of the plank, their number is generally 42, 
each of theſe bars is faſtened with four cramps, which 
are not repreſented here; the joiſts are like wiſe faſtened 
underneath to the trunion and head-beams with iron 
plates each about 3 feet long: the trunions are about 
ſix inches long, and three in diameter, faſtened to the 
trunion-beam with two plates, one above and the other 
below, bolted and rivetted together; the rings or 
handles of the chains are joined to the head-bearn 
much in the ſame manner as the trunions. 
Draw-bridges are drawn up and let down by various 
contrivances; the moſt common way is, by a wooden 
frame, ſuch as.is joined to the draw-bridge in the third 
figure: it may be obſerved, that the fide beams GK, 
HN, go tapering from the trunions E, F, towards the 
ends K, N, in order to make the frame E G HF, nearly 
of the ſame weight as the draw-bridge : it turns round 
the trunions E, F, upon iron plates, and the frame HG, 
moves in a cellar under the gate-way, built for that 
purpoſe; there are two holes, one on each fide, to 
+ thruſt two long poles through upon the ends H, G, to 
preſs them down, and raiſe the draw-bridge, as like- 
wiſe two chains are fixed to theſe ends, paſſing through 
the ſame holes, with a large ring at the end of each, 
whereby the baſcul is drawn up, and the draw-bridge 
let down. This method can only be uſed when the 
ditch is dry; for when it is wet, the cellar is apt to fil 
with water, notwithſtanding all the care that can be 
taken in the building of it, whereby the wood will rot 
in a ſhort time, and the draw-bridge is in danger of not 
being drawn up when it is required; beſides, the 
making this cellar in a proper manner, ſo as to be wa- 
ter-tight, will be very expenſive. 


Ano- 
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Another method of drawing up draw-bridges, and 
which is often practiſed, is to make the baſcul ſeparate, 
and not Joined to the bridge, ſuch as is repreſented by 
the ſecond figure. This frame is fixed by the trunions 
at L, P, over the gate-way, and two chains, fixed on 
the other ends M. Q, go each over two pullies or rather 
rollers, and are faſtened with the other ends to the 
head B, D, of the draw-bridge B C, figure i; ſo that, 
when the part MQ, is drawn down by chains faſtened 
to them for that purpoſe, the draw-bridge riſes. This 
method has the advantage, that in caſe the enemy ſhould 
find means to break the chains which faſten the draw- 
bridge to the frame, and thereby make it fall down, 
the frame MP, will alſo fall down and ſtop the paſſage, 
and it will not be in his power to raiſe it : but in caſe 
any thing ſhould happen to the chains, an opening W 
is left in the middle of the frame, to paſs through it, 
and this opening may be ſhut up by a wicket, that is 
to be lockt upon occaſion. We have ſuppoſed this 
method to be uſed in the gate-way repreſented in the 
thirteenth plate, where the fide view of the beam 
PQ is ſeen in the third figure, as well as ane of the 
chains with its rollers, | 

It muſt be obſerved, that the head MQ of the 
frame muſt be well loaded with timber, in order to 
bring the frame nearly in equilibrio with the draw- 
bridge, which is not ſo eaſily done as one might ima- 
gine, and experience has ſhewn that many engineers 
have miſcarried in their deſign; and when this does 
not happen, the draw-bridge cannot be let down nor 
drawn up without very great difficulty. 

The only way of doing this is, to have timbers, or 
any other weights, fixed near the piece MQ, ſo as to 
ſip off and on, and, when both the bridge and frame 
are fixed, to try how much weight will do. | 

Plate XV. Another way of fixing draw-bridges 
b, a baſcul with wings, ſuch as is repreſented by the 
fourth figure, which is fixed over the gate-way, upon 

Q 3 the 
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the two'tranidns E, F, and the chains are faſtened to 
the ends of the wings and two leſſer ones to the ends 
A. C, of about eight feet Jong,” with rings of 8 or 10 
inches diameter, in order to draw down the hind part 
of the baſcul, and eo raiſe the bridge: and the 
bridge is let down, by raiſing up the hind part AC 
to the height of 3; or 6 feet, and then with poles they 
puſh it up higher; whillt others get upon' the bridge to 
bring 1t-down by their oon weight. 

When the bridge is down, two bolts fixed to it are 


puſhed into two ſtaples, drove into the fixed bridge, 


and to guard the ſides of 'the bridge, that nothing may 
fall over, there are two ſtrong chains faſtened with 
one end to the wall, and the other to the poſt of the 
immoscable bridge, about four feet above the draw. 
bridge. 

It is eaſily perceived, that the baſcul E C mult be 
of ſuch a weight as that the bridge may be drawn up 
with a ſmall force; for which reaſon, the frame 1; 
loaded wih timber towards the hind part AC, in the 
manner repreſented here in this figure: and it hap- 
pens ſbmetimes, that they are obliged to faſten ſhells 
or any other heavy weight at the ends A, C, to bring 
the weight of the baſcul nearly equal to that of the 
draw-bridge. 

This method of fixing draw-bridges lias been in uh 
a long while, and has been praiſed more than any 
other; but when it is uſed in the draw-bridge of the 
body of the place, the cavities cut into the front of the 
building, to receive the wings, disfigure the ornaments 
of that front very much: and another inconveniency it 
has, is, that every time the bridge is raiſed, it requires 
a great force at firſt to move it; this motion accele- 
rates afterwards more and more, till at laſt it becomes 
ſo great, that it ſhakes the building very much. 

But when'draw-bndges are made to the outworks, 
or ſometimes on the middle of a fixed bridge, this 
LS 1s vey wy en the baſcul A D is — 
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ed by a wooden frame, of about 12 feet high, upon 
which the trunions E, F, turn. It is true, that when 
the bridge is drawn up, the wings are upright, and 
exceed the height of the bridge, by about 12 feet, 
which the beſiegers endeavour to break by firing at 
them, and if they accompliſh their deſign, the draw- 
brigge falls down, whereby the paſſage is left open; 
but as no other method has yet been tound, that an- 


ſwers the purpoſe better, this has been uled to this 


day.” | | 
Mr, Belidor has propoſed a new method of moving 
draw-bridges, in his Science des Ingenieurs, that ſeems 
to be preterable to any other hitherto known: which 
is, inſte ad of a baſcul, he fixes two cylindrical weights 
to the chains, which move in a curve on cach ſide of 
the paſſage, in ſuch a manner that the motion of the 
bridge is always uniform, provided theſe weights are 
properly adapted; ſo that, without ſpoiling the front 


of the building or ſhaking it, two men may move it 


up and down with the greateſt eaſe. 

Thoſe young engineers, who are deſirous of know- 
ing how this curve is conſtructed and the weights are 
applied, may confult that author. 

Of fixed or immoveable BRIDGES. 

Fixed or common bridges are either built with wood 
or ſtone, or ſometimes with both: they are of various 
lengths, according as the ditch or river is leſs or more 
broad; they differ likewiſe in their breadth, for thoſe” 
built over the ditches of a fortreſs are ſeldom. above 
14 feet broad, which is ſufficient for two carriages to 
pals in breaſt, though they never allow above one at a 
time; but bridges built over large rivers, are from 20 


to 36 feet broad: that at Fulbam is 22 feet broad, and 


parapet walls. | ets lk | | 
When the bridge is to be built with ſtone, and the 
ditch is dry, the manner of - laying the foundations of 


Weſtminſter bridge 44, including the foot paſſages, and 


the, 
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the piers is the ſame as that of walls; it muſt only be 
obſeryed, that as the piers ſupport a great weight, the 
baſe of the foundation muſt be made large in pro- 
portion; and they are always piled, and have a 
wooden grate over them, unleſs the bottom be rocky, 
or otherwiſe very hard. But when the ditch is wet, 
two rows of dove-tail piles or planks, are drove round 
the foundation, at about 6 feet diſtance from it, and 
4, 5, Or 6 feet from each other; and the interval be- 
tween theſe two rows of piles is rammed full of clay, 
ſo as to keep the water out; or elle two rows of com- 
mon piles are drove as before, of 3, 4, or 5 feet diſtant 
from each other, and to theſe piles are nailed boards at 
the inſide, and then the interval is filled with rammed 
clay as before. | 2 
This being done, the water 1s pumped out, and the 
foundation ſunk, as before. This method: will ſerve | 
in moſt caſes, excepting in deep water, where the cur- 
rent is very great. As to the proportions of the piers 
in regard to the width of the arches, and the length 
of the arch-ſtones, they will be given in the latter end 
of this work. | FR Ag 
Tf the bridge is made of wood, after the ditch has 
been ſunk to its proper depth, rows of piles are drove 
a · croſs the length of the bridge, at 10 or 12 feet diſ- 
tance from one another: thelength of theſe rows is equal 
to the breadth of the bridge, and 4, 5, or 6 piles in 
each of them; when they are drove in as far as 5 will 
o, the upper part is made level, and 
Plate XV. Wor, n over them, into which 
they are tenanted; over theſe. the tie- beams are laid, 
and then the planks. The firſt figure repreſents the 
elevation of ſuch a bridge, the ſecond the plan, and 


the third the ſection. 


The piles, A, are a foot ſquare; and the bearing 
beams, B, 14 inches broad, and 15 or 16 high; and 
the tje-beams, C, 8 inches broad, and 12 high: as to 
the binding joiſts, D, they are about 8 inches ag, 
| 88 7 an 
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and 6 broad; the planks are 4 inches thick; the poſts 
E about 4 by 6 inches; the top- rails 4 about the ſame 
dimenſions; the middle rails e, and ſtruts 7, are ſome- 
what leſs than the former. 


The bearing- beams B are ten feet from each other, 


and ſupported by five piles each, and often with more, 
that is, when the bridge is very high. Theſe piles 
ſhould open below, as is repreſented in the ſection, 
figure 3; but it is eaſter to drive them vertically, as 


they are generally in that poſition. But ſince Mr. 


Vaulvois's new invented machine, they are as eaſily drove 
obliquely as upright: we chooſe this poſition, as mak- 
ing the bridge ſtronger and firm. If the foundation is 
hard and ſtony, the piles are ſhod with iron. The 
abuttments of all bridges are always made of ſtone, 
becauſe the firmneſs and ſtrength of the bridge de- 
pend very much thereon. | 

When a bridge is made over a navigable river, the 


middle opening between the piles is made wider than 


the reſt, in order than the boats and ſmall craft may paſs 


through; and to prevent them from running foul on 


the piles, two or three planks are nailed on them, a 
little above the ſurface of the water. When the cur- 


rent is pretty rapid, it is neceſſary to add breakers; 


that is, two rows of piles are drove within five or ſix 
feet of each other, and two piles in the center line 
between them, at about ſix or eight feet diſtance from 
the bridge, ſo as to preſent a point on each ſide; theſe 


piles are braced to the others with timbers of about 4 


by 5 inches, in two or three places; there are alſo 
boards nailed to them, in the ſame manner as we have 


mentioned before. This is the way that Fulbam bridge 
was built; but thoſe over the ditches of a fortreſs re- 


quire no ſuch precautions. | | 
As the piles of wooden bridges are liable to rot very 


oon, in ditches which are ſometimes wet, and at; 
others dry, the belt way to make the work durable, is 
to lay a foundation of maſonry under them, as high as. 
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the higkeſt water, upon which ſtrong beams are laid. 
into Which the piles are fixed with tenants; this will 
make the bridge laſt much longer, and thereby the 
often repairing is avoided, which is not only expenſive 
but elne. very inconvenient in ſtopping the pal. 
ſage out and in of the place. 

To prevent the carriages from deſtroying the planks, 
ſand and gravel is laid over them, of about a foot or 
more deep; and very often they are paved, eſpecially 
thoſe of fortified places; the gtavel or pavement 1; 
made higher in the middle than at the ends, that the 
rain water may run off freely, and not rot the wood. 
This may be ſeen in the third figure, as likewile in the 
ſecond, where one part repreſents the gravel or pave- 
ment, and the others, the planks and the binding 
joiſts. ; | 
" Some engineers drive the thickeſt part of the piles 
foremoſt, and, on'the contrary, others the ſmalleſt ; the 
reaſon” the former give for their practice, is, they ſay, 
that timber ſhould be uſed in the poſition they grow, 
whereby they will laſt longer; becauſe the fibres or 
grain of the wood are as it were adapted by nature to 
that poſition; Whereas the latter affirm,” on the con- 
trary, and I think} with good reaſon, that being placed 


ſo, the wet will enter more eaſily in thoſe parts, where 


the branches have been cut off, and of conſcquence, 
the wood will ſooner decay: but if they are in a con- 
trary poſition, the water will run off, without being 
able to enter through the pores of the wood. 

As our deſign is not to give a complete treatiſe on 
bridges, but only ſo much as is neceſſary for a young 
engineer to know, and what moſt commonly happens in 
practice, we ſhall enter no farther ints the manner of 
making all ſorts of wood bridges, either with a ſingle 
arch, or with a great many; neither ſhall we ſay any 
thing of turning or flying bridges, as being uncom- 
mon in this country; we ſhall add only ſomething re- 
lating to bridges of communication from one work to 


another, 
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another, as relating more immediately to an engineer's | 
buſineſs. | | | 

As the beſiegers endeavour always to deſtroy theſe 
bridges if poſſible, either with fire, ſhells, or ſhot; 
in order to hinder the troops in the outworks from be- 
ing relieved or ſuccoured by the garriſon, and to ob- 
ſtruct their retiring, when hard preſſed: to prevent 
this, theſe bridges are made as low as is poſſible, that 
is, they are made even with the ſurface of the water, 
and ſometimes a foot under it; and, to ſave expences, 

les are drove in the manner mentioned above, oppo- 
ſite to each other, and covered with a tie- beam; this 
is repeated at every ten or twelve feet diſtance, quite 
croſs the ditch, like ſo many truſſes; over which planks 
are laid, when there is occaſion to paſs over, and not 
before; at all other times theſe planks are kept in 
ſtorehouſes. 
When there is a ſufficient depth of water, a good 
number of boats are alſo kept to paſs from the curtain 
to the ravelin, in caſe the bridges ſhould fail: thoſe 
that go from the ravelins to a counterguard, lunet, 
tenaillon, or into the covert-way, are always placed 
near the extremity of the faces, where a part of the 
parapet is cut off, to paſs by, or elſe a paſſage is made 
through it for that purpoſe. 


. 


Of Barriers, Gar Es, and PorTCUL!SSES, 


Plate XV. FFAHE fifth figure in this plate repre- 

| ſents a barrier-gate, ſuch as is made 
in the covert-way, at the entrance of a town, or in the 
paſſages cut in the places of arms, through the glacis, 
which is about 14 or 15 feet wide and 10 feet high: 1 
the to ſide · poſts are from 10 to 12 inches ſquare, the 9 
part which is ſunk into the ground is left rough, W 1 
8 N about ; 
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about ſix feet long; the ſutle is as broad as the poſts 
are thick, and about ſix inches high: the frames of 
the gates are from 3; to 6 inches ſquare, and the planks 
6 inches thick. Theſe gates are locked by an iron 
bar, turning about a bolt, ſo as that when one end 
riſes, the other turns down, and one end is catched 
by an iron hook, whilſt the other is faſtened with a 
padlock. 

The fourth figure in plate XIV. repreſents a gate 
made under the covered gate-way; each ſide turns up- 
on a ſtrong iron pivot, ſtanding on an iron ſocket, and 
faſtened above to the wall, with hooks and hinges, 
much in the uſual manner of common doors; the out- 
fide is covered with iron bars, in the manner repreſented 
here, for about eight feet high, and the parts between 
the bars are drove full of diamond-headed- nails, to 
prevent their being cut open. In one of theſe gates, is 
made a wicket, in order to paſs through when there 
is any danger of ſurprize, and in the morning before 
the party of men, that is ſent out to reconnoitre and 
ſee whether any enemy appears, is returned; the upper 
part of the gate is left plain, without any iron, becauſc 
there is no danger of cutting it there. 

The fifth figure of this plate repreſents a harrow or 
port-culils, which is drawn up by means of two chains 
fixed to the upper ends A and B, and the other ends 
are faſtened to a wooden roller, with a handle on each 
fide, which, when turned round, the chains roil upon 
it, and lift up the gate, and are faſtened above by two 
ſtrong bolts: the lower croſs bar is covered with an 
iron flat bar from one end to the other, as like wiſe the 
rails or uprights as high as a man can reach, to prevent 
its being cut open. | 

Theſe portculiſſes arc, in my opinion, better than 
thoſe called organs, becauſe if an enemy ſhould come 
ſo near as to cut it open, it will not be ſo eaſily done, 
if they are well covered with iron; and the men be- 
hind them may firy through it with very little danger: 

32 0 | Whereas, 


5 
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whereas the enemy muſt be very much expoſed to 
their fire: beſides, there might be an opening left 
above, to throw ſtones and blocks of wood upon thoſe 
that dare approach them. 


7 


8 E CT. XVII. 


Of SINTRY-BOx ES and NEcEsSAR v- 
Housks. 


ORM ERL ſentry- boxes were made of hewn 
ſtones, and placed on the ſalient angles of the 
baſtions, ravelins, and other outworks, and fixed to 
the walls; as they may be ſeen in moſt fortified towns 
in France, with a flower-de-Juce at the top of them: 
but it has been found by experience that they ſerve as 


marks for the beſiegers to direct their approaches by; 


for which reaſon they build no more in this manner: 
the preſent method is to make them of wood, and ſo 
as to be moved from one place to another; and they 
are moſtly Joy at preſent upon the middle of the 
parapets of the faces; and wooden ſteps are made to 
get up, or ſlopes are ſometimes cut into the parapet for 
that purpole; by which the enemy has it not in his 
power to make any advantage of their fight. Fheſe 
wooden ones are, beſides, leſs expenſive, and anſwer 
the intent full as well, which ought always to be con- 
ſidered in every kind of work whatſoever. 

Plate XIV. The figure given to ſentry-boxes is 
either pentagonal or ſquare : we make it a pentagon, 
as may be ſeen in the plan, figure 6, and the elevation, 
figure 7, as being more convenient; for by turning 
the point outwards, the adjacent parts are better dil- 
covered from the ſides next to that angle: the ſides are 
about four feet long, and fix feet high; the timbers 
of the baſe ought to project about a foot each way, ſo 
as to have a good bale to ſtand upon, to prevent = 

win 
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wind from blowing it down; and if this baſe is nf 
ſufficient, it may be pinned down by ſtakes: in ea 
fide is a hole to look out, of 4 inches broad, and 
high. As the plan and eleyation of this ſentry-box q 
ſo plain, there requires no further explanation. g 
The ſentry- boxes placed near the governor's houſ 
der- magazine, houſes, Sc. are made of a ſquarf 
orm, becauſe the ſentry has but one or two places t; 
obſerve : each ſide of the baſe 1s four feet, and the boil 
ſix high, beſides the covert; and they are made fo ligh® 
as to be eaſily turned about, or carried from one plac 
to another. 1 
Public bog-houſes fall likewiſe under the care of th 
engineer: they ought to be placed over rivers, of 
ſtanding water, if it can be done, to prevent, if poſ 
ſible, the ſtench from becoming nauſeous; but wWherq; 
this cannot be done, they are placed on the curtain 
ELL paſlage is cut through the parapet, and ſup 
orted with braces againſt the wall, ſo as to hang 
2 — the ditch; but care muſt be taken not to place 
them too near the lally-ports, otherwiſe they will make 
the paſſage diſagreeable. ,Burt, in my opinion, if they 
were placed at the ſlope of the rampart, over the com- 
mon ſewers, it would be much better, becauſe the rain 
and other waters of the ſtreets would carry off all the 
naſtineſs, which makes them ſo diſagreeable. 
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OWNS were formerly built any how, Lol ; 

ing to the builder's. fancy, without the leaſt re 

920 to regularity or beauty; but now-a-days, when i 
place is fortified, which is not occupied by any houſe 
or other buildings, great Care is taken to make everſ 
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part within as regular as is poſſible; for which, reaſon, 
care is taken to make the ground level, at equal diſ- 


rances from the center of the place, and deſcending 


gradually from that point in an caſy ſlope towards, the 
ramparts ; that the waters in the ſſreet may run into 
[the ditch. 

Some German engineers will have the ſtreets to part 
from the center of the place, and directed to the mid- 
idle of the baſtions and curtains, pretending that there- 
by the troops aſſembled upon the parade, may render 
themſelves in a ſhorter time to any part of the rampart, 
where their preſence is required; this might be well 
for the defence; but then all the houſes, and other 
buildings, are made with a bevil, which is ſo great an 
inconveniency, that I believe this method will never 
be put 1n practice. 

It is not only the regularity of the ſtreets, which is 
ſufficient, but likewiſe, the rightly placing all. the mili- 
tary buildings, ſuch. as the governor's houſe, guard- 
houſes, ſtorehouſes, and magazines of different kinds: 
The governor's houſe is aptly placed in the middle of 
| the ie of the great ſquare, oppoſite to the great church, 
ſo that he may, ſee the troops parade, and the garri- 
ſon under arms, from his windows, or gallery; there 
ſhould likewiſe, be a guard-room in that, (quare, from 
which the ſentries placed at the governor's door, and 
near the magazine, are taken. The other guard-rooms 
are placed near the gates, and ſometimes one near the 
barracks :| the ſtorchouſes and magazines are beſt 
near the ramparts, where they are at hand in caſe of 

a ſiege: as to the powder magazines, they are always 
placed in the gorges of the baftions. In places near the 
ſea, or navigable rivers, the naval ſtorehouſes muſt 
be as near the harbour, where the ſhips he, as poſſible; 


on the contrary, thoſe for land ſervice on the oppoſite, 


or land fide, as we have mentioned in the firſt book 
of. fortification, .where,we. baue given che conſtruction 
of thoſe places. 

6 When 
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When a town is very large, and therefore my 
room to build upon, it is neceſſary for the publick us 
to make ſeveral ſquares; but on the contrary, if the 
place is but little, and no room to ſpare, there my{ 
at leaſt be one, 1n the center of the place, whole big. 
neſs ought to be in proportion to the extent of the for. 
tification, and conſequently to the number of troy, 
required to defend it: for this ſquare not only ſeryg 
as a market place, but likewiſe to draw up the troy; 
and parade on it. Mr. Belidor thinks, that a fortreß 
of ſix baſtions, whoſe exterior ſide is 180 fathom; 
; ſhould have a ſquare, whoſe ſide is from 40 to 45 f. 
thoms ; a place of ſeven baſtions, one whoſe fide i; 
from 55 to 60; that of 8 baſtions, from 70 to 7;; 
that of 9 or 10 baſtions, from 80 to 85; and laſth, 
that of 11 or 12 baſtions, from go to 95 fathoms: 
however, he ſays, that the engineer employed in the{: 
works will be able to judge of the proper bigneß 
which theſe {ſquares ought to have. | 

There is commonly an open ſpace left at the en. 
trance of every gate of the town, in order that the 
guard-houſe, which is made there, may have room be- 
fore it, to draw up the guard, and, in caſe of danger, 
to defend the gate and adjacent places; beſides, theſe 
openings have a good appearance, and ſerve alſo for 
the carriages to get out of the way, when any others 
are coming in. 

In regard to the ſtreets, the principal ones ſhould go 
from the great or principal ſquare in the center, direct. 
ly to the town- gates, to the ramparts, and to the cita- 
del or harbour, if there is any, in order to be enf- 
laded by the guns and troops, placed in that ſquare, in 
caſe of any danger or ſurprize. It muſt be obſerved, 
that the croſs ſtreets are all parallel to one another, and 
perpendicular to the former; ſo that all the buildings 


be at right angles to each other. | up a 

The principal ſtreets are generally 36 feet wide, in Wmuc 
order that three carriages may pals a-breaſt at © Wand 
time, 
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ime, or if two of them ſhould ſtop, another may 
dals by, as likewiſe room for the foot paſſengers; but 
n regard to the other ſtreets, they need not be fo 
ange, if they are from 18 to 24 feet wide, it will be 
ficient, becauſe there paſs ſeldom above one or 
Wo carriages at a time. en Yo 
The diſtance between one ſtreet to that which is pa- 
ballel to it is various; Mr. Vauban made them only 

She breadth of three houſes, at New Briſac; that is, 

hut one between the two corner houſes; which, in my 

pinion, is not ſufficient, becauſe there is ſcarcely any 

dom left behind to build warehouſes, or ſhops for 

orkmen, which are abſolutely neceſſary; neither is 

here any room for gardens or openings for the light 
ad air to paſs freely, both uſeful for the preſervation 
ff the inhabitants. 

We ſuppoſe that each houſe takes up 36 feet in the 
cont, and the interval between the parallel ſtreets is 
qual to the breadth of four houſes, or 144 feet; ſo 
hat, if the houſes are 36 feet deep, each of them will 
have an opening behind of the ſame extent, excepting 
he corner houtes, either for a garden, or to build 
hops or ſtorehouſes: we ſuppoſe that the ſhops to 
work in are all behind, and in the front only thoſe to 
xpoſe and ſell the goods. 1 ies 
Plate XVI. We made but one ſquare in this deſign, 
hoſe ſides are 75 fathoms; but if it ſhould be thought 
eceſſary to make more, one of the ſpots occupied by 
ouſes terminated by four ſtreets, in the moſt conve- 
jent place, may be uſed for that purpoſe; and it is 
there where the market for dry goods may be kept, 
and a town- houſe ſhould be built. IT. | 
The governor's houſe-1s ſuppoſed to be in the great 


up as much room as three others, and his garden as 


| P | | 72 


quare, marked by the letter B, and the great church 
o ppoſite to it, marked C: the governor's houſe takes 


much as two; ſo that the houſe is 108 feet in front, 
and 36 in depth, and the garden 36 feet broad, and 
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210 EBRACTICAL * Part Ill 
72 long, and if this is not thought ſufficient, the who, 
opening behind may be taken into his garden. 

It is alſo common to build a fountain in the ven 


center of the place, or great ſquare, decorated in , Mi. 1 
neat manner, with four ſpouts facing the four Principg in 
ſtreets; for ſince water is the moſt neceſſary thing miſt 
wanting in a garriſon, both for men and cattle, then he d 
cannot be too much care taken to ſupply: the place or 
with it: for which reaſon, water is brought fron WR 7 
ſprings, or rivers near hand, by means of pipes, and 4 
engines if neceſſary, at the ſame: time that the town i; Mi; 
built. There ought, beſides this, in the center of the on; 
place, to be ſeveral others contrived, in the corner of | ww 
the ſtreets, if the place is large, to ſupply every part of 
the town plentifully. fo Ct 

When an old place is fortified where there are houſe, 110 
the ſtreets are left as they were; the principal ones 5 wp 
are only widened and made {trait if poſſible, either by 5 
demoliſhing the old houſes, and building new ones, o 1 


elſe waiting till the old ones decay, and then obliging 
the inhabitants to build them on a ſtrait line: this is 
often practiſed by the French, when they fortify old 
towns, as I have feen at Douay and other places. It is 
true, that this is againſt the laws of Zagland; but any 
thing that tends to the benefit of the public in general, 
ought'to be preferred before the obſtinacy of private 
people who loſe nothing by it. 

In new places built abroad, in 


plantations where 


there is ſufficient room, and where the fortification of. . 
ten conſiſts of the town-wall and ditch only, I would 175 
make the intervals between the ſtreets greater than what * 
we have repreſented here in this plan, as likewiſe all the . 9 
bye ſtreets about 30 feet wide; for nothing contributes 1 


more to the wholſomeneſs of the place, as well as agree- 
ableneſs, than fine large ſtreets, and great openings 
behind the houſes, planted with trees, eſpecially in 
warm climates ; beſides, all the ſhops: to work in 
ſhould be built there, and no others ought to be . 
: 2 | mitte 
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mitted in the front of the ſtreets than thoſe for ſelling 
ds, as we have obſerved before. 
The engineer employed in the building of Halifax, 
in Nova Scotia, has, in my opinion, committed a great 
miſtake, in building the ſtreers fo near, to each other as 
he did; for each houſe is 36 feet in front, and 72 in 
view and no opening is left behind, as I have been 
formed by an officer that was there, and employed 
Win the works. This miſtake can ariſe from no other 
jaſon, than the manner of building fortified places in 
Exrope: but the caſe is quite different, becauſe theſe 
places have a great number of outworks, beſides the 
body of the place; for which reaſon, we are obliged 
o crowd the buildings as much as we can, that there 
may be room for the inhabitants, beſides a large gar- 
Fon: whereas abroad, where the fortification is con- 
bderable, the place ſhould be made as pleafant and 
onventent as poſſible, Y 
It was ſaid, the few people that went there were not 
ficient to clear a larger ſpot of ground. But in an- 
wer to this, I fay, they need not clear more ground 
it firſt than to build upon, and leave the openings 
petund for another opportunity, when they have more 
me: by doing this, the wood left may ſerve for tim- 
der to build outhouſes, and the branches for fewel to 
burn, when perhaps they muſt go far for it, and are 
xpoſed to the inſults of the Indians at the ſame time. 
The ſtorehouſes for ammunition and artillery being 
military edifices, and requiring much room, it is not 
ay ro determine their ſituations, becauſe they depend 
Mn many circumſtances, which cannot fo well be known 
I upon the ſpot; it is neceffary to obſerve, that they 
mould be ſeparate from one another, as well as from 
ther buildings, to prevent accidents as much as 1s 
joffible, which may happen by ſetting the adjacent 
midings on fire, either by chance, or by the contriv- 
Ince of an enemy. When there is a brook or river that 
alles through the town, it is requiſite, for che 9 
Fl © ; ot 
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of the ſervice, that the ſtorehouſes ſhould be near 


| 


to bring timber and other materials, as well as ſto 
by means of water carriages. 


the curtains, which have no town gates; ſuch as 
marked D; becauſe they are near at hand, to tra 
port them upon the rampart, where they are wantc( 
_ caſe of a ſiege: and the triangular openings formed 
the ſtreets may ſerve them as yards, which ſhould 


is another conveniency; for as ſoldiers are commaj 
employed in ranging and moving them, they are m 
at hand upon all occaſions. | | 


of the curtains, as marked here by the letter G, it 
| pavilions H at the ends, which are deſigned for tht 


place for them, becauſe an open ſpace may be left be 
fore them to draw up and.exercile the troops; the de 
tachments in time of war b be more privately mad. 


the troops are quite ſeparated. from the. inhabitant 
with whom they do not always agree. 9 


it ſhould be placed in ſome bye: place or other, b 


there is any that paſſes through the town. 


We placed the ſtore houſes and magazines here, n 


* 
- 


walled in. They are likewiſe near the barracks, wh 


wv 4 


The barracks are generally placed near the rampr 


officers lodgments: this is undoubtedly the properc 


for any enterprize that might be thought neceſſary 
winch could not fo well be done in any other place; a 


As the tap-houſes, and bake-hquſes for ammunitic 
bread, are neceſſary for the ſubſiſtence of the garriſt 
they ought to be built near the barracks, and foal 
have a guard-room not far from them, in order to t 
vent any riotous proceedings that might happen: u 
as to the hoſpital, it is almoſt needlefs to mention, tl 


to be ſeparate from the inhabitants, and noiſe of ti 
workmen z elſpecially-near a brook or river, in cl 


This is nearly all that can be ſaid in regard to tn 
ſubject, when the place is large; but in ſmall fo 
there requires not ſo many ſtorehouſes, which how 
ever are always placed near the rampart, In ſuch P26 4 
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Where there are harbours or citadels, regard muſt be 
Had to them in the placing theſe buildings; but the 
Jubject being ſo plain and eaſy, it requires no far- 
oer explanation, ſince a little practice and common 
Nenſe will ſuggeſt the neceſſity of placing theſe build- 
Sngs in the moſt convenient manner. But the execu- 
on of theſe, and all other military buildings, requires 
much more capacity and knowlege, in order to make 
bem ſolid, and at the ſame time convenient; which we 
hall diſcuſs more particularly, by treating of them 
each ſeparately. | 
= We have omitted ſeveral other things too trifling to 
be mentioned, which the reader will partly fee in the 
Hixteenth plate, which beſides will ſerve as a further 
illuſtration to what has been mentioned; and what re- 
mains to be done, we muſt leave the ſagacious reader 
o find out himſelf, the ſubject being too copious to 
treat particularly of all the minute parts. 


SECT, XIX. 


* * F * ue 2 * *% 
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Of PoWDER-MAGAZ INES. 
ITORMERLY powder-magazines were made in 
IT aquite different manner from thoſe at preſent; they 
placed the powder in towers that had been built in the 
town-walls, by which they became liable to many acci- 
| dents; for when the powder happened to be ſet on fire, 
either by chance or by ſome concerted ſcheme of the 
enemy with the inhabitants, it opened the town, and 
made a breach for the enemy to enter, as it happened 
at Aire, according to Mr. Belidor, when that place be- 
| longed to the Spaniards. The French, who then beſieged 
it, having got intelligence from ſome inhabitant, found 
means to ſet the powder on fire that was placed in one 
of the baſtions; which had ſo great an effect, as to make 
a large breach, and as ſoon as the beſiegers had prepared 

5 | Py tor 
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for an aſſault, the garriſon ſurrendered ; whereas, with. 


4 


out this accident, they might have defended themſclyg 
much longer. 

Finding by experience, that the building magazing 
in the. rampart was of dangerous conſequence, ihey 
are now placed in different parts of the town, and made 
of various figures; but it was a great while before thy 
right one was found: the moſt common had ſever] 
pillars in the middle to ſupport the arches, but to bring 
theſe double arches under the ſame roof, the top mul 
be loaded with ſo great a quantity of maſonry as alma 
to burſt the arches. Finding this method inconvenient, 
it was agreed to make them of one fingle arch, as being 
much better than the former; the- form of this arch 
was of the Gothic kind; and in order to get more roon 
rn the powder, a floor was made at the ſpring 

It. | 

Plate XVII. But Mr. Vauban having obſerved, in 
ſeveral ſieges, that theſe kind of arches were too weak, 
and that the floor loaded the piers very much to no 
purpoſe, ſince prudence requires not to lodge fo much 
powder in the ſame place; and being better to divide 
1t 1nto ſeveral parts, he abſolutely rejected. all the 
different methods till then followed, and propoſed i 
' new one, much more perfect; and which is that 
repreſented by the firſt. and ſecond figures, and is the 
only one hitherto executed with ſucceſs; though ſome- 
thing may be changed tor the better, as we ſhall ſneu 
| hereafter, hogs 1h 

If we may believe what has been ſaid on that ſubjec, 
we are told, that there were thrown upwards of 80 
ſhells upon a magazine of this ſort, at Landaw, with- 
out doing the leaſt damage to the vault : the ſame 
thing is reported to have happened at Aub, and in ſe- 
veral other places. Mr. Demus, director of fortification, 
and a perſon of good reputation, aſſures, that in the 
ſiege of Tournay, by the Duke of Marlborough, where 

he ſerved, there were thrown upwards of 45000 ſhells 

: | into 


Noto 


7 
tWO 

1 

he , 


Noto the citadel, and the greateſt part of them fell upon 
wo powder-magazines of this ſort, and yet neither of 
em was damaged; whereas there were ſome built with 
WGotbic arches, that were deſtroyed by three or four ſhells 
What fell upon them, notwithſtanding that they had 
Ween covered with five or ſix feet of earth, ſome time 

Wefore the ſiege began. 
The dimenſions of Mr. Vauban's magazines are as 
low: the plan is 60 feet long, clear within, and 25 
Wbroad ; the foundations are 9g or 10 feet thick under 
che long ſides which ſupport the arch, and theſe ſides 
Ile made 8 or 9 feet thick, according as the maſonry 
vas good or indifferent, and 8 feet high from the foun- 
dation to the ſpring of the arch; ſo that, making the 
door about two feet from the ground to keep it free 
from all dampneſs, there remained 6 feet for the height 

of the ſtory. 
The thinneſt part or hanches of the arch is three 
feet thick, and the arch made of four leſſer ones, one 
over the other, and the outſide of the whole terminated 
in a ſlope to form the roof; from the higheſt part of 
we arch to the ridges is 8 feet, which makes the angle 
ſomewhat greater than go degrees: the two wings, or 
gable ends, are four feet thick, raiſcd ſomewhat higher 
chan the roof, as is cuſtomary in other buildings: as to 
their foundations they are 5 feet thick, and as deep as 
the nature of the ground required. 

The piers or long ſides are ſupported by four coun- 
terforts, each of fix feet broad, and 4 feet long, and 
their interval 12 feet; between the intervals of the 
counterforts are air-holes, in order to keep the maga- 
| zine dry and free from dampneſs; the dices of theſe 
air-holes are commonly a foot and a half every way, 
and the vacant ſpace round them are three inches, made 
ſo as the in and out- ſides be in the ſame direction, as 
may be ſeen by the plan; the dices ſerve to prevent an 
enemy from throwing fire in, to burn the magazine, 
and for a further precaution, it is neceſſary to ſtop 
* ; thele 
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216 PRACTICAL ' Part III. 
theſe aircholes with ſeveral iron plates, that have ſmal 
holes in them like a ſkimmer, otherwiſe fire might be 
tied to the tail of a ſmall animal, and fo drive it in that 
way; this would be no hard matter to do, ſince where 
this precaution has been neglected, egg-ſhells hay: 
been found within, that have been carried there by 
weazcls. | | 

To keep the floor from dampneſs, beams are laid 
beg a and to prevent theſe beams from being 
ſoon rotten, large ſtones are laid under them; theſe 
beams are 8 or g inches ſquare, or rather 10 high and 
8 broad, which 1s better, and 18 inches diſtant tron 
cach other; their interval is filled with dry ſea coals, ot 
chips of dry ſtones; then over theſe beams are other, 
laid croſs-ways, of 4 inches broad, and-5 high, which 
are covered with two inch planks. 

To give light to the magazine, a window is made in 
each wing, which are ſhut up by two ſhutters of 2 07 
3 inches thick, one within and the other without ; that 
which is on the outſide is covered with an iron plate 
and is taftened with bolts, as well as that on the inſide, 
Theſe windows are made very high, for fear of acci- 
dents, and are opened by means of a ladder, to give 
air to the magazine in fine dry weather. 

There is likewiſe a double door made of ſtrong 
planks, the one opens on the outſide, and the other 
within; the outſide one is alſo covered with an iron 
plate, and both are locked by a ſtrong double lock; the 
ſtore-keeper has the key of the outſide, and the go- 
vernor that of the inſide: the door ought to face the 
ſouth nearly if poſſible, in order to render the mags. 
zine as light as can be, and that the wind blowing in 
may be dry and warm. Sometimes a wall of 10 feet 
high is built round the magazine about 12 diſtant from 
It, to prevent any thing from approaching it without 
being ſeen. 
Here we take not ſo much precautions, for I never 
i d * any with double doors, or m and they 

* 2 ale 
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are built in ſo light a manner, that it would be an eaſy 

matter to deſtroy them. I have ſeen a project for 

mending a powder magazine at Minorca ; there were to 
be no leſs than four doors, and as many windows as 
are commonly, made in a dwelling-houſe : there was to 
be likewiſe a brick floor, and to render the work com- 
plete, croſs-walls were to be built within, at every 
twelve feet diſtant: and yet this project was contrived 
by a perſon of the greateſt repute for his {kill in en- 
gineering; and would, in all probability have been 
executed, had I not prevailed with the Surveyor Ge- 
neral at that time to lay it aſide, 

Such a magazine as this will hold about 200,000 
pounds of powder, when the barrels are fix above one 
another, which however is not done but in caſe of ne- 
ceſſity, becauſe when they lie ſo much on each other, it 
is very troubleſome to remove them, and change their 
poſition, which ought to be done once a year at leaſt; 
otherwiſe the ſalt petre, being the heavieſt ingredienr, 
will deſcend into the lower part of the barrel, and the 
powder above will loſe much of its goodneſs; but to 
pre vent the barrels from rolling, when ſome are taken 
off, two wooder poſts are erected, of about 4 or 5 inches 
ſquare, between every 10 or 12 barrels; by this means 
they may be piled up as high as you pleaſe, or taken off 
without any danger. 

Mr. Belidor would have brick walls made under the 
floor, inſtead of beams, and a double floor laid on the 
croſs- beams; which does not appear to me to be ſo well 
as the manner propoſed here ; the reader is, however, 
at liberty to chuſe that method he likes beſt. | 

Inftead of making the fide walls 8 feet thick, as 
Mr. Vauban does, we have made ours here but ſeven, 
and turned the counterforts contrary to his poſition ; 
that is, inſtead oi being 6 feet broad, and 4 long, ours 
are 6 feet long, and 4 broad, which ſtrengthen the 
walls very much; as his were only 12 feet diſtant from 

. each other, ours become 14 fect aſunder, ſuppoſing the 
MX extreme 
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213 | PRACTICAL. Part 111, 
extreme ones to be within a foot from the inſide of the 
wings produced, 50 
It is likewiſe to be obſerved, that inſtead of making 
four arches one over another, each of them the length 
of a brick thick, in the manner of Mr. Vauban, we 
make but one continued arch three feet thick, which 
makes it much ftronger, as it eaſily might be proved 
by what has been demonſtrated in the fecond ſection, 
The reaſon of making our ſide walls ſeven feet thick 
only, inſtead of eight, according to Mr. Vauban, i; 
becauſe we found, by the rules of mechanics, and the 
ſtricteſt computation, but 7 feet and two inches, when 
they are four feet long, and fix broad: but by making 
them fix feet long, and four broad, the walls are capa- 
ble of a greater reſiſtance than his; and they being 
found ſtrong enough by a long courle of experience, 
there cannot be the leaſt doubt, but that ours will be 
ſufficiently ſtrong. t 
In the theory of arches we made no allowance for 
friction, but conſidered the ſtones only according to 
their weight; whereas, in that of the walls which ſup- 
port earth, we made an allowance of one third of the 
weight, for the friction, and yet our walls are as 
ſtrong as thoſe built by Mr. Vauban: it may ſeem con- 
tradictory to make no allowance here; but if it be con- 
ſidered, that the ſtones never cloſe and bed ſo together 
as to make one continued ſolid, as the theory ſuppoſes, 
but on the contrary, lay often hollow, and the void 
ſpaces are filled up with bad mortar, it is a great while 
before theſe piers or walls are dry, and become capa- 
ble of as much reſiſtance as is required: beſides, an 
allowance muſt be made to reſiſt the force of the ſhells 
. thrown upon them, as has been obſerved in the ſecond 
ſection. | 
In order to ſucceed in theſe kinds of buildings, it is 
highly requiſite that the engineer ſhould watch the 
workmen continually, in order to make the wall as 
ſolid and compact as poſſible, that the lone pr 1 


Sekt. 19. FORTIFICA TION. 219 
bed well, and no holes big enough to hold a ſtone or 
brick to be filled with mortar ; and laſtly, to make uſe 
| of the beſt materials to be had thereabouts : and when 
| the arch is built, the centers ſhould be left ro ſupport 
| theth, at leaſt for ſix months; that is, till the work is 
| ſettled and dry, otherwiſe the arch is in danger of 
| tumbling down, or elſe the walls muſt be made ſtronger 
than they need to be. 

The third and fourth figures repreſent the plan and 
ſection of a large magazine for ſtowing a great quantity 
in the ſame place: the piers, or ſide-walls, which ſup- 
port the arch, are here 10 feet thick, 72 feet long, and 
25 high, from the foundation to the ſpring of the arch; 

the middle wall, which ſupports the two ſmall arches of 
| the ground floor, is 8 feet high, and 18 inches thick, 

as are likewiſe the arches: the thickneſs of the great 
arch is 3 feet 6 inches, and the counterforts, as well as 
the alt- holes, are the ſame as in the former. | 

Such large magazines as this, are by no means to be 
built in fortified towns, becauſe if any accident ſhould 
happen, all the powder would be loſt at once, whereby 
the place would be obliged to capitulate; but in ſome 
inland part of the country near the capital, where no 
enemy is expected, they might be uſed, as for a general 
magazine, and that from thence the powder might be 
driſtributed to the ſeveral places where it may be want- 
ed; yet, in my opinion, it would be better to make 
two ſmall ones, and place them at a proper diſtance, 
that if one ſhould be blown up by accident, the other 
might be ſafe. 

The ridge of the roof makes a right angle in both 
theſe magazines, and it is neceſſary to oblerve, that 
as the foundations grow deeper, ſo they ought to in- 
creaſe in width; this is obvious from the common 
practice of making walls thicker as they increaſe in 
height; but no certain rule has hitherto been given, 
to know how much that increaſe is to be. Suppoſing 
the foundation to project inwards, by fix inches ed 
whic 
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which ſeems to be ſufficient, ſince the walls never fal 
that way: then I would allow ſix inches for every fox 
and a half _ on the outſide, ſo that if the four. 
dation be ſix feet deep, its breadth muſt be increaſed by 
two feet divided into four ſteps; by this means you 

way know at all times how broad a foundation mu 
be, when its depth is known. Although this rule i; 
not founded upon a demonſtration, yet, by the oblcryz. 
tions of common practice, it appears to be ſufficicaty i 
Accurate upon all occaſions. : | 


SECT. XX. 


Off Barracks, Hos rirALs, and Stor: 
al HOUSES. | 


Plate XVHI. FYARRACKS are built now-a-days in 
$4 1 all fortified places, to keep up the 
diſcipline and good order in the garriſon : they have 
been found ſo uſeful, that no place is built without 
them; and experience ſhews, that thoſe garriſons which 
Have them are much more quiet, on account of the 
conveniency which non-commiſſioned officers have to 
vifat the quarters every evening, and to ſee the ſoldiers 
Mut up their quarters, which cannot be done when they 
are Jodged- amongſt the inhabitants, where they have 
the liberty of going out and in whenever they pleaſe; 
beſicles, when the governor has a mind to make a de- 
tachment, or ſend out a party, he cannot do it, without 
the knowledge of the whole town; if any alarm hap- 
pens, the garriſon cannot be aſſembled without great 
trouble and loſs of time; whereas, when there are bar- 
racks, every thing neceſſary for the good of the ſervice 
may be done with eaſe. 

Harracks are built different ways, according to their 
different fituations. When there is ſufficient room to 
make a large 1quare, ſurrounded with buildings, they 
| | ; are 
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e very convenient, becauſe the ſoldiers are eaſily ooo 
Ded to their quarters, and the rooms being contigu- 
„ any order may be executed with privacy and ex- 
dition, and the ſoldiers have not the leaſt connection 
ich the inhabitants of the Place, mach prevents quare 
Els and riots. 
W This diſpoſition of the barracks is eſpecially conve- 
ent for the horſe and dragoons, becauſe they want a 
avenient place for the daily mounting their horſes ; 
ad in this caſe, the lodging- rooms are built over the 
Fables, with a gallery ſerving. tor a communication from 
ee room to another quite round the building, with 
Faircaſes in the corners, and ſometimes another in the 
Middle of each front; but care muſt be taken, to make 
he firſt row of lodging rooms pretty high, or elſe they 
ill be darkened by the gallery above them. 
* When the barracks are built near the ; ramparts of the 
Curtains, as Mr. Vauban has done in almoſt every 
Place be fortified, they are compoſed of a large pile of 
| Puilding | in a ſtrait line, for lodging the ſoldiers, with 
Pavilions at the extremities for the officers: theſe bar- 
Backs are generally two or three ſtories high, beſides the 
round floor. 
Between every two rooms in the front, is an n entry 
bf 8 feet wide, with doors to the four contiguous 
L P and a ſtair · caſe leading to the upper ſtories; as 
o the bigneſs of the rooms, Mr. Vauban made them 
22 feet lone, and 18 broad, in order to hold four beds 
ſeach; 1 have ſeen ſome large enough to hold fix beds, 
and with two chimneys in them; there were three men 
Sto each bed, which is the cuſtom in all the French gar- 
Iriſons, becauſe it is ſuppoſed, that one of the chree is 
Jalways upon duty, ta that there is never but two in one 
bed at a time. 
© Our. barracks here, at „ are but 16 feet 
each way, with three beds in each room, to hold ſix 
boldiers only, Which is not ſufficient, becauſe it requires 
19 large @ building ro yen a whole yt in 
4 em. 


long, and 18. broad, it would be muc 


laſt but 8. 


The outſide wall is two feet thick, and the partici 
or croſs wall a brick and a half; for if theſe latter i 


thinner, yy thing that is done and ſaid will þ 
heard by th 


doors are 3 feet and a half wide, and 7 high; the ine 
ones 3 feet wide, and 6 and a half high: the windon 


are 3 feet wide, and 6 high in the ground floor; ti 


upper ones have the ſame breadth, but their height d 
miniſhes in proportion to the height of the ſtory ; thi 
is, the ſecond row is g feet high, and the laſt but 


the chimneys are 4 feet wide, and 18 inches dee 


going partly into the wall, and projecting partly in ti 
rooms. 

The corner houſes, being deſigned for officers locg 
ings, have each an entry of 6 feet wide, with a ſtar: 
caſe and a cloſet of 5 by 6 feet at the further end: 
under the ſtair-caſe is another going down into the kit 
chen and cellars, which we ſuppoſe are built under the 
officers houſes ; but in regard to the ſoldiers barracks, 
there is no occaſion to make either kitchen or cellar, 

as they have done at Wookwich. 

The third figure in this plate repreſents the ſection 
of the elevation, where it may be ſeen that the ſtair- cat 
goes ſtraight up from one floor to the other; but if thi 
is found inconvenient, it may turn at half way with a 


landing-place : the roof is divided into two ridges, be- 


cauſe it is both cuſtomary and more convenient, 
than if it was continued, which would make it too 
high, and, requiring longer timbers, makes it more 


expenſive, 


* 


; 85 | | Sometimes 
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them. The plan and elevation in the eighteenth Play 3 
is much in the fame manner, only we ſuppoſe four be 
in a room, which they may hold; the rooms arc 
feet each way, though I think that if the 0 were 20 f 


better ; th 3 
ground ſtory is 11 feet high, the next to it 10, and u 


in the adjoining rooms: the outw ai 
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Sometimes there are piazzas built before the bar. 
Wacks, as thoſe at Dublin, if I am rightly informed, 
Which are very convenient; for when the troops are 
Hawn up, and a ſhower of rain comes, they may ſhel- 
Wer themſelves under it, to keep their arms dry ; and 
ben the companies are to be examined in regard to 
Wheir clothes or arms, it may be done there at any time 
Wor ſcaſon. | 
I all garriſons it is neceſſary to build hoſpitals for 
e ſick and wounded ; their bigneſs ought to be re- 
Wulated according to the number of troops required to 
efend them in time of a ſiege z and it has been found 
Wy experience, that out of 25 men, there is generally 
oe lick : yet it ought to be obſerved, that in for- 
Werefſes built in low and marſhy grounds, there are 
Wnore: people fick, than in places ſtanding on high 
grounds in good air. LEY 3 
W Knowing nearly the number of ſick people, the num- 
ber of beds wanted will alſo be known, and conſequently 
the bigneſs of the building, which conſiſts of a long 
room to hold four rows of beds, and another above it: 
Stheſe rooms the French make 42 feet wide; and there- 
Wore, if but two rows of beds be required, 20 or 21 
feet will do: each bed ought to be 4 feet wide, and 
6.5 feet long, and the diſtance from one bed to the 
next can be no leſs than 4 feet; ſo that as many 8 feet 
las there are beds will be the length of the room, which 
is to hold but two rows of beds; or half that length, 
Ei it is to hold four rows. 3 
Hheſides theſe rooms, there muſt likewiſe be lodging- 
grooms for a doctor, ſurgeon, their mates and attend- 
Pants ; for the nurſes and ſervants, a kitchen and laun- 
dry, as well as a yard to dry their linen: in-ſhort, the 
building is to contain every thing neceſſary, both for 
lodging and conveniency of the hoſpital. 
In regard to their ſituation, we have ſpoke of it 
already; but I muſt add, that if it is not poſſible to 
place it near a river, a canal might be cut to it, becauſe 
| water 


0 


- * _ — 
— — —ů — — 
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water is abſolutely necefiary for cleaning the appard 
of che fick and wounded y; for neatneſs in general 
necellary in ſuch places, where the ſmell of fo may 
ſores, wounds, and other ſickneſs, muſt otherwiſc h 
very offenſive. 

We have not given any plans of hoſpitals, becau 
they may be conſtructed various ways, according u 
their ſiuations and bigneſs, which an engineer vpalif 
the ſpot will be acquainted with, and from thence t. 
gulate his draughts accordingly ; and it would not b. 
amiſs ti conſult the doctor and ſurgeon about the ſcy. 
ral conveniencies to be made: this, and his om 

knowlege in building, will be ſufficient to perfor 
| ſuch a work in the beſt manner, : 

I had forgot that there is often a noel wat at one 
end of the great room, to perform divine ſervice; an 

when chere are two rooms above one another, the up 

r ons has a gallery looking into it, for the ſick to 
in without being obliged to come down ſtairs. 

The laſt public buildings we have to treat of, are th 
ſtoreboulſcs for all kinds of ammunitions, great an 
ſmall guns, and, if the place is ſituated near the ſea o 
a navigable river, for cables, anchors, timber, and oth: 
 neceſſanes to repair and furniſh ſhips. | 
In a ſmall fortreſs, ſuch as a citadel or fort, a ſtore: 
houſe of. a moderate ſize will be ſufficient to hold the 
ammunition; and other neceſſaries for the defence d 
the place; whereas in a large town, lying near the bor: 
der of a ſtate, it is neceſſary to have a ſpacious one id 
the artilllery,.in ſuch à manner as to contain every thity 
wanted: in a field train. 
A ftarchouſe of this ſort ought to be built near 4 
river that may carry. {mall-craft at leaſt, if poſſible : in 
this caſe a baſon ought to be made, to load or unload 
ſeveral boats at a time: ſuch a ſituaton is of great in| 
Portange, in regard to the ſaving expences; for it rc 
* Brea deal to tranſport a train of artillery with 
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its appurtenances by land to any conſiderable diſ- 
ce. And as there is ſeldom any fortreſs built but 
ur 4 great river or the ſea, it will always be in the 
wer of the engineer to find a proper place for build- 
the ſtorehouſe; and what nature wants, may be ſup- 
ed by art. 


The ground floor of a ſtore-houſe ought to conſiſt 


a ſhed to place guns and their carriages, tumbrels, 

münition, waggons, mortars, and their beds; in 

rt, all the other neceſſaries which are too heavy to 

carried and depoſited above: there muſt like wiſe be 

ges for imiths, places for carpenters to work in, to 

d iron and wood, and wheclwrights ſhops, and every 
Ing of this fort. 


The firſt floor ought to contain an armoury, places 


bold all kinds of ſmall irons, others for cordage, 
batoons, and every thing neceſſary, that is light and 
ily tranſported. An engineer, who is not perfectly 
quainted with every part belonging to the artillery, 
l not be able to form a right notion of a ſtorehouſe: 
ere is ſuch a connection between the buſineſs of an 

nzineer and that of an artillery officer, that neither the 
nz nor the other can Be maſter of his buſineſs, without 
cing tolerably well acquainted with that of the other. 
am ſenſible that this will be ridiculed by many prac- 
Itioners, but ! leave the unbiaſſed intelligent reader to 
udge, whether this notion is right or not: as my in- 


ent in writing this work is to inſtruct young engineers, 


tis no matter what thoſe ſay, who think experience is 
ufficient to ſhelter their ignorance. 

Plate XIX. To give an idea of theſe kind of works, 
je have repreſented the plan f the fourth part of a 
eckangular ſhed, in this plate, with the elevation of 
ne of the inſides, executed at Weolwich ; the width 
"thin is 33 feet, the length 282 one way, and 155 
ic other; the wall is 18 inches thick, having pilaſters 
z feet dittance from each other, they are two feet 
road, and — the wall by 9 ebe the elevation 
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'- uſed in artillery : and as wood laſts much longer in, 
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a ſmall deſcent: the gate-ways, which are three in ca 
front, and one in the other ſides, are 10 feet wig, 
the arches of the inſide walls are 8, as well as 
height of the piers from the bottom to the ſpring. 

Plate XX. Here are repreſented the elevation; 
the front and outfide, together with a ſection throw 
the middle of the longeſt ſide, wherein the ſeftion of 
the roof is repreſented, As theſe figures are drawn 
the ſame ſcale as thoſe in the former plate, and tag 
is nothing material in SL but what the reader m 
underſtand, we fhall not enlarge any further on ſo; 
a ſubject. | „ | 

The uſe of this building is to put under cover |: 
carriages of guns, both for land and fea ſervice, ny 
tar-beds, pontoon- carriages, bread-waggons, ammu: 
tion-carts; in ſhort, all kind of carriages, that u 


ue where there paſſes a free air, than if confin, 
was for this reaſon that the inſide walls have ben 
built with arches, in the manner repreſented in th 
preceding figures. 7 

Beſides the great ſtorehouſcs in large fortreſſes, . 
veral ſmall ones axe. built in different places, not ir 
from the ramparts, in order to lodge ammunition zl 
other things neceſſary in a ſiege, ſo as to be near a 
hand; they are ſupplied from the great ones, un 
there is any occaſion for it: but as their conſtructo 
does not differ eſſentially from the former, excepting 
in their bigneſs, it would be needleſs to take any fur 
ther notice of them. 

The ſtorehouſes built in a maritime town, are nt 
only to have room for artillery and ammunition, bu 
likewiſe for cables, ropes, maſts, anchors, and cvc! 


| thing elſe neceſſary in the fitting or repairing of ſhips; 


and this in proportion to the bigneſs of the harbour ot 


number of ſhips that generally reſort there; theſe places 


| ſhould have two ſtories, the lower for heavy things 
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and the upper for thoſe goods that are light and ma- 
nageable; their ſituation ought always to be near the 
harbour of quay, that the ſhips may come near them, 
whereby a great deal of labour may be ſaved, in the 
fetching and carrying things from them to the ſhips, 


SE CT. XXI. 


, framing Tiuers for ParTtiTIONS, 
FLooks and Roors. 


S an engineer ought not to be ignorant of any 
thing relating to common architecture, we think 
it will not altogether be unneceſſary, to ſhew here the 
different manners of framing timbers on moſt occaſions, 
this being a branch of his buſineſs, eſpecially as the 
carpenters follow no other rules than thoſe they learn 
from practice, which are often defective, as will appear 
hereafter. 

Plate XXI. Here are five examples of different 
partition frames? the firſt, ſecond, and fourth, are 
given by Mr. Smith; the third, and fifth, by Mr. 
Price ; theſe are the only authors that wrote particularly 
vpon this ſubject. The firſt example is in the common 


way, wherein it has been obſerved by an artiſt, that 


there are more mortiſes and tenons than need to be; 
for if the braces were let into the principal poſts, ſo 
as to butt againſt ſhoulders of about half an inch deep, 
and nailed in, they would do the ſame office in a bet- 
ter manner than being tenoned in, as here repreſented, 
and would be done in leſs than half the time: and as 
| the quarters are only to ſuſtain the laths and plaſter, 


becauſe the weight of the roof is ſupported by the 
poſts and plates, they have no need of being framed 


into the upper and under plates, which only take up 


much time, and will not laſt longer than when they 
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are cut and nailed in only, and which is done in a ven 
little time with little expence. 
The example in the ſecond. figure repreſents the 
partition of a warehouſe, or of any other large build. 
ing, where the grinders, or ſome other weights are 1 
reſt on the king or principal poſt, E; but it may be 
obſerved, that if this wall was to ſupport great weight; 
in two places, it ſnould be inverted, ſo as the weight, 
may reſt upon the poſts A, A; for in the firſt ca{ 
the two ſtruts adjoining to the poſt E will increaſe its 
{ſtrength very much, and in the latter, the ftruts ad. 
joining to the poſts A, A, will, by the ſame reaſon, 
increaſe their ſtrength; but where the weight bear, 
equally on the upper plate, this manner of ſtrutting is 
needleſs. The author is allo juſtly blamed for making 
the joggles in the king-poſts A, E, A, as being en. 
penſive in the workmanſhip, and in the waſte of tim. 
ber; ir requires likewiſe much time in the framing of 
ir, and after all, ſerves to no other purpoſe than the 
firſt example, which is full as ſtrong, and much 
cheaper. 
The example repreſented by the fourth figure is 
. propoſed to raiſe the height of two ſtories, the lower 
of 13 feet, and the upper of 12, or otherwiſe in one 
height only, as the {ide of an out-houle, hall, or ſaloon; 


now it is to be obſerved, that as joiſts are ſuppoſed to Wl here 
lie on the middle plate in the firſt caſe, which is framed Bl timt: 
into the king polts E E, and the outward principal very 
poſts; the weight at each end muſt depend on the Wi rut 
ſtrength of the tenons, excepting ſuch help as is given T 
to it by the under quarters; the braces are therefore ¶ Pri 
placed exactly the wrong way, becauſe now they ſup- Wl one 
purt the parts near the middle poſts which do not wait BY poſt 
it, Whereas if their ends were turned the contrary way, ¶ and 
they would aſſiſt the ends, as they ſhould do, as being the 
the weakeſt part, and the whole would be equally Wi pot 
ſtrong every where, and they would at the ſame time Bi hay, 
. 4 perform 


. » 
& = <4 
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perform their office of bracing the frame in a proper 
manner. 

As to the joggles at E, E, in the king · poſt, they are 
juſtly condemned by workmen here as well as in the 
firſt example, for the waſte of timber, and the loſs of 
time in framing; and it 1s thought, that if thoſe poſts 
were made a ſmall matter more in breadth, and their 
ſtruts let into them with a ſmall ſhoulder, commonly 
called by workmen #:rd's mouth, they would be as 
ſtrong and ſecure as they can be done this way. 

The next example in hand, 1s that repreſented by the 
third figure given by Mr. Price, which he ſuppoſes to 
be a partition between two rooms, wherein doors, 
A, A, are required next to the ends, and therefore has 
placed a king-polt in the middle, and prick-poſts be- 
tween it and the doors; it is here to be obſerved, that 
the middle plate, alſo called intertie, is halved, not only 
in the prick-poſts, but even into the king-poſt allo, 
which is a great weakening to it, and therefore abſurd; 
nor indeed is there any occaſion for an intertie at all, if 
the height is intended for one ſtory only; but ſu ppoſe 
there was one required, would not its being ſlightly 
tenoned into the King-poſt have been a leſs weakening 
to it, and have given it a ſtrong bearing, by turn- 
ing the lower ſtruts the contrary way to that they are 
here? It is true, that it is a common practice to halve 
timbers together; but it ſhould.never be done but with 
wat, great Judgment, and eye avoided in braces and 

ruts. 

The fifth figure is e example given by Mr. 
Price, for a partition, wherein three doors are required, 
one at each end, and one in the middle; the two king- 
poſts and the intertie are again halved into each other; ; 
and therefore the ſame fault may be found here a> in 
the former: the joggles in the king-polts and prick- 
poſt are likewiſe needleſs; beſides, the braces ſeem to 
have no other meaning here than to ſhorten the quar- 

ers which croſs them, and ſo are only nailed upon 
| Q 3 them 
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them here as well as in all the preceding example: 
without tenons or mortiſes. 1 =_ 
In all Mr. Prices examples of particion-walls, he tie: 
the lower end of the king-poſts to the lower plate wit 
an iron band, but for what reaſon is not eafy to be 
known, ſince, as far as I can judge, they ſeem to b: 
entirely uſeleſs, and therefore ſhould never be uſed. 
Many-examples of partition-walls are given by au-. 
thors, of different conſtructions, and for different uſcs; 
but the whole art of framing this fort of work conſt; 
in diſpoſing the different parts in ſuch a manner as 0 
make the whole work equally ſtrong 3 in uſing oo 
more timber than is neceſſary, and to join them 1o ; 


that the work may be done in the ſhorteſt time poſſible, 


and yet be ſtrong and durable, which cannbt be done 
without a competent knowlege of the rules deduce 
from mechanical pringiples, and a good deal of prac- 
tice, which ſeldom both meet together; and for tha: 
reaſon, the art of building has received ſo little im. 
proyement in latter times. F '& M- 


— K er 
of FLOORING. 


Plate XXII. DEFORE a flooring is begun, there 

f muſt be made an accurate plan of the 
building, whereby a judgment may be formed wherc 
to place the girders in the moſt ſubſtantial manner; 
and indeed, this ſhould be done before the brick-work 
is ratſed high enough to recelve them, that not only 
the lintels may be well placed over the doors and win- 
dows, which ought never to be leſs than 5 by 7 inches; 
but in thoſe places where the ends of the girders are 10 
reſt, if the lintels or bearing pieces are made equal in 
length to the diſtance that is contained between girder 


and girder, they will communicate theaweighrequally 
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on the whole wall, and which is much better than when 
the bearing is on the part juſt underneath them only, 
E which is the caſe when the lintels are made ſhorter; 
beſides, when lintels are ſo laid, and are 5, 6, or 7 
inches in thickneſs, in proportion to that of the wall, 

W they are a very great ſtrengthening, and tie thoſe parts 
very firmly together; wherefore they are alſo called 
bond timbers : but to prevent miſtakes, it muſt be ob- 


W {crved, that bond timbers are properly thoſe laid in 


| walls where no girders are, as in end and croſs-walls, 
| and which are laid throughout at every 6 or 7 feet in 
| height, and being dovetailed or cogged rogether at 
every outward angle of the building, as marked in 
figure 2, and at every party-wall, as in figure 3, or 4, 


2 will moſt firmly bind the whole together; ſo that, if 
even the foundation be bad, they oblige the whole 
W building to ſettle rogether, prevent cracks and fractures, 


# which unavoidably would happen, if they were neglect- 


| ed. It may be obſerved, that theſe three different ways 
of; joining timbers are uſed; but the ſingle dovetail, 


zs is marked in the fourth figure, is preferable to the 


W other two, as being more ſimple, and yer tie the tim- 


bers full as well as the others. 
The proper places for girders having been denen 
ed, it muſt be obſerved, to lay them lo as the boards 


I lay all one way throu 2hout the middle of the building, 
ſo that the whole may be ſeen one way; for if the 
WE joints of the floor of one room are not parallel to thoſe 


of another, it would produce a very ill effect. 

The ſituation of the girders being determined in the 
plan, we are thereby enabled to find their length, their 
number, and their diſtance, which ſhould never exceed 
12 feet in any building whatſoever; nor ſhould joiſts 
exceed that length. It is alſo obſerved, in placing of 
girders, always to lay them the ſhorteſt way, and that 
W their ends have at leaſt 14 inches bearing in the wall, 

| Excepting thoſe in very ſmall buildings, where the walls 


Q 4 are 
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are of thin dimenſions, then their bearing may be re- 
duced to 10 inches. 

Nothing being a greater enemy to timber than lime, 
it is a very good method to lay the ends of girders, lin. 


tels, and other bond-timbers in loam; and fir is beſt 


preſerved by anointing it over with melted pitch and 
greaſe, of which the laſt muſt be one fifth part, and the 


other four fifths. If this precaution is neglected, which 


18 commonly the caſe, the building will never laſt b 
long as it would otherwiſe do. 

As the proper ſcantlings of girders and other tim. 
bers have been treated of in the third ſection, where we 
have given tables of their dimenſions in reſpect to ther 
length, we ſhall no farther enlarge upon it here; and 
having ſuffictently explained the ſituation and manner of 
laying girders, we ſhall now proceed to the Joifts, which 
are of various kinds, as common joiſts, trimming -Joilts, 
binding-Joiſts, bridging joiſts, and cieling-joiſts, 

Common joiſts ate thoſe which are framed fluſh with 
the upper ſurface of the girders, and which ſometimes 
are all of equal depth, but leſs than that of the girders, 
whereby the girders become lower than the cieling; 
but the moſt gentecl way is to have every third or 
fourth joiſt equal in depth with the girder, whilſt the 
other intermediate joiſts are of leſs depth, and between 
thoſe deep joiſts, fix ſmall ones to carry the cieling, 
whereby the under ſurface of the girders will be con- 
cealed, which otherwiſe have an ill affect. 

Trimmingzjoiſts are ſuch as are framed into two other 
Joiſts, for other joilts ro be framed into them, which 
are againſt a chimney, or to make the opening for a 
ſtair-caſe, ſuch as are marked by the letter 4: as theſe 
Joilts are weakened by receiving many mortiſes, and 
having to ſupport the weights of ſeveral Joiſts which 
bear upon them; they are therefore to be made of 
larger ſcantlings than the common joiſts. 

Binding-1oilts are thoſe on which bridging-joiſts are 
laid, and 1n which the cieling Joilts are framed; 11 

joiſts 
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joiſts are framed fluſh with the under ſurface of the 
girders, and about 3 or 4 inches lower than the upper 
urface ; that the cieling-joiſts may be fluſh under- 
neath with them as well as with the girders: their diſ- 
E tance is from 3 to 10 feet, and their thickneſs in pro- 
| portion to the length of their bearing, as has been 
ſhewn in the third ſection, | 
W The figures 8, 9, and 10, repreſent the manner in 
E which their tenons and mortiſes are made by Mr. Price; 
and which is eſteemed by workmen in general much 
better than any other; but thoſe who are converſanc 
with the principles of mechanics, will eaſily perceive 
chat neither the one nor the other is good for any 
ching. 

In order to determine the beſt manner of making 
the tenons, it is neceſſary to conſider, that when a great 
E weight bears upon the middle of theſe joiſts, or upon 
any other timber ſupported at each end by tenons; it 
is evident, that it will bend a little, and the under part 
x, as in figure 8, will be the point fix; and therefore 
when the tenon is placed in the middle as here, the diſ- 
tance of the line of direction of the force which en- 
deavours to break the joiſt, from the point fix x, is 
equal to half the height x v; but on the contrary, if 
the tenon is placed higher, that diſtance becomes great- 
er, and of conſequence the reſiſtance becomes greater, 
which ſhews that the nearer the tenon is to the 
upper part v, the greater the reſiſtance will be. But as 
the mortiſe muſt not be too cloſe to the upper edge, 
otherwiſe the tenon would break it, I think the beſt 
way is to divide the height x v into four equal parts, 
one of which is to be the thickneſs of the tenon, and 
placed two from the lower end x, and one from the 
upper v: as to the tenons marked in figures 9, and 10, 
they ought to be rejected as being contrary to the prin- 
ciples of mechanics. It is to be obſerved, that all 
binding-Joiſts ought to be half as thick again as com- 
mon joiſts; becaule, they being weakened by a" 

an 
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and having a greater weight to ſupport, it is neceſſary 
that they ſhould be ſtronger in proportion. 

Bridgings or bridging-joiſts are repreſented by the 
letter f, in the firſt figure, lying on the binding-Joiſts 4, 
and which are allo repreſented in figure 6, where u, », 
repreſent the ſections of two binding-joiſts, and d, d, a 
part of the length of a bridging-joiſt, and f, f. that of 
a cieling-joiſt, with the manner of their reception by 
the binding: joiſts; the fifth figure is a ſection which 
ſhews the manner of fixing cicling-joiſts c between the 
deep joiſts 5, &, where ſhallow ones, as a, a, a, are framed 
in between them, as has been obſerved to be the moſt 
genteel way of framing common joiſts. 

The diſtance of bridgings is generally about 12 to 
14 inches, and their ſcantlings about 3 by 4 inches, or 
elſe 3.5 by 5, and their bearing 1s never more than the 
intervals of binding-Joiſts, which is from 3 to 10 feet, 
as we have oblerved betore, and which are laid even or 
fluſh with the girders to receive the boarding. 

Cieling- joiſts, the moſt flender of all other kinds of 
joiſts, as having the leaſt weight to ſupport, are made 
about 2 by 3, or 3 by 4 inches, according to the 
ſtrength of the building; theſe are repreſented in the 
firſt figure by the letter g, whoſe diſtances are gene- 
rally 12 or 14 inches: theſe joiſts are tenoned into the 
binding-Joitts, as is repreſented in figure 7, where # 
repreſents a ſingle mortiſe made on the one fide of the 
binding joiſts, and r, s, two double ones called pu/ley- 
mori iſes, in the fide of a parallel binding:joiſt to receive 
the other end of the cieling-joiſt. Theſe cieling and 
bridging: joiſts are feldom fixed till the building is co- 
vered in; when the laſt are pinned down to the binding- 
joiſts. Theſe kind ct floors are called bridging- floors, 
and are the beſt fort of carcaſe flooring. 

Having ſhewn the manner of laying the ſeveral tim- 
bers for flooring, it remains now to ſhew how the 
foors themſelves are to be laid; their beauty depends 
on the colour and {moothnels of the boards, without 

| knots, 
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| knots, and the cloſeneſs of the joints; for which reaſon, 
che carpenters plane the boards, and ſtraiten the edges 
| ſome time before they are laid, in order that they may 
be ſufficiently dry, and not ſhrink afterwards. 

As it is not an eaſy thing to find a ſufficient number 
of boards free from knors, the beſt are generally picked 
out for the floors of the principal apartments, and the 
reſt are uſed in other places leſs conſpicuous. It has been 
found by experience, that if the boards are ever ſo dry, 


for which reaſon, they never touch them after the firſt 
time: and the beſt way of making cloſe joints is not to 
nail down the boards, till a twelvemonth after they 
have been laid; this the workmen will not do unleſs they 
are obliged to it by agreement, under pretence that it 
is more work than they can afford to do. 

E The beſt wood for flooring in this country is the fine 
clear yellow deal well ſeaſoned, which when well laid 
keeps its colour a great while; whereas the white ſort 
becomes black by often waſhing, and looks very bad. 
la buildings of conſequence the ſappy part is cut off, 
and nothing but the heart is uſed, but then theſe floors 
are very expenſive, But in common buildings, which 
are made by contract, they ſeldom make even uſe of 


| agreement. 

| The joints of the boards are commonly made plain, 
ſo as to touch each other only; but when the ſtuff is 
not quite dry, and the boards ſhrink, the water runs 
through them when the floor is waſhed, and ſpoils the 
| cieling underneath ; for which reaſon, they often make 
| icather edges in better buildings, ſo as to cover each 
other of about half an inch, and ſometimes they are 
made with grooves and tenons: this laſt method, when 
well executed, appears to me preferable to any other 
whatſoever. 

l am informed, that in the beſt buildings, the joints 
are made with dovetails ; then the lower edge is nailed 
| ; down, 


and the edges are anew dreſſed, they will ſhrink again 3 


dry ſtuff, unleſs it is particularly mentioned in the 


e 
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down, and the next drove into it, by which the nail; 
are concealed, which certainly makes the floor look 
much handſomer chan when the nails are ſeen : for 
when they are-waſhed the nails grow ruſty, and appear 
Uke fo many black ſpots upon the floor, which has an 
ill effect. 

The manner of meaſuring floors is by ſquares of 10 
feet each ſide; fo that taking the length and breadth in 
feet, and multiplying them together, then by ftriking 
off the two laſt figures as decimals, the remainder will 
be the content expreſſed by theſe ſquares. Thus a floor 
of 18 feet by 16, gives 288 {quare feet, or 2 ſquares 
and 88 decimal parts; ſo that if the price of a ſquare 
of flooring is known, that of the whole will be eaſily 
found. by 1 Proportion. 

Formerly oaken boards were uſed for flooring, but 
at preſent they are neglected, excepting upon ſome 
particular occaſions, as in clofets and other private 
rooms: theſe boards are framed together with pannels, 
like doors, and poliſhed with wax, which makes them 
Jook very beautiful, and are agreeable to thoſe who diſ- 
like a wet room; but as they are ſlippery, and very 
expenſive, they are Noch out of faſhion. 


SECT. XXIII, 
7 ROOFINGS, 


Plate XXIII. E are now come to the formation 
of roofs, of which the former wall] 
| plates are a part, as being the baſe on which the ſmall 
rafters ſtand. We mult, after having formed it, 
according to the plan of the building, and ſecured 
its angles, in the manner repreſented in the ſecond 
- Egure,” plate XXII. coalider the proper diſtances} 
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places to lay the beams on: where it muſt be ob- 
ed, 1. To avoid the joints of the plate: 2. That 
er diſtances be not too great, leſt you are obliged 
have large cicling-joiſts, and large purlins, which 
but a load to a building, and therefore ſhould 
We exceed ten feet: 3. That they lay over, or nearly 
Wer, the heads of the principal poſts, in timber build- 
gs; and on the middle of the piers, when they are 
brick or ftone. - 

TW The ſituation and length of the tie- beams being de- 


Wrmined, their under ſurface at each end being equal 


WS the breadth of the wall-plate, is dovetailed an inch 
Wd a half or two in depth, according to their ſtrength, 
d which are let into both theſe plates, in the manner 
preſented by the third and fourth figures, plate XXII; 
Nut, as it has been ſhewn already, with a ſingle dovetail, 
in figure 4. If the breadth be divided into three 
oval parts, make the narrow part of the dovetail one, 
ich to the end opens to the whole breadth of the 
eam. When the tie- beams are thus dovetailed into 
e plates, they are then ſaid by the workmen to be 
ogged down, and ready to receive the cieling-Joiſts 
ad principal raters. | | 
But before the principal rafters can be framed, the 


| eight of the pitch. and their length, muſt be deter- 


Wnined : the pitch of cvery roof ought to be made ac- 
Wording to its covering, which is of lead,  pantiles, 
Wplain-tiles, or ſlates; theſe are all the different coverings 
ed in England. The uſual pitches are the pediment 


be Gothic pitch. | 

= Pediment pitch is that whoſe perpendicular height 
equal to two-ninths of the breadth of the building; 
becauſe the height of a pediment is likewiſe two-ninths 
of its baſe; this pitch is uſed when the covering is 
lead. Common pitch is that whoſe rafters are the three- 
W iourths in length of the breadth of the building, when 


it ſpans the building all at once; but is oftener divided 
| inta 


Pitch, common pitch, generally called true pitch, and 
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into two equal pitches, and it is uſed when the cover. 
ing is of plain-tiles. 

Gothic pitch, is that when the length of the princi 
pal rafters is equal to the breadth of the building, an 
therefore is equilateral : this pitch is uſed when the co. 
vering is of pantiles. Some workmen would have the 
breadth of the building divided into ſeven equal part, 
the perpendicular height to have two of them, and th: 
length of the rafters to be four; and that this pitch my 
ſerve for coverings of lead or pantiles : on the con 
trary, others will have the perpendicular height to bt 
one-fourth of the breadth, when the covering is lead, 
which is ſomething leſs than what has been afligne 
above for that covering. 


That the perpendicular height ſhould be the three. 


eighths of the breadth in pantiles covering, which i; 
widely different from the former; or that the perpendi. 
cular height may be found by deſcribing an arc from 
the extremity with a radius of two-thirds of the 
breadth of the building. Laſtly, the perpendicular 
height to be equal to half the breadth for plain-tiles 
covering, Which makes the rafters ſomewhat ſhorter 
than in the pitch given before for that covering ; and 
the length of the rafters to be five-ſeventh parts of 
the breadth of the building for late coverings, which 
1s therefore nearly the ſame pitch as that for plain-tiles 
covering. 

Theſe are the various pitches commonly uſed for the 
different coverings, and ſeem to depend chiefly on the 
builder's fancy. We have proved in our Elements (art. 
540) of Mathematics, that if the height is 6 ſeventeenth 
parts of the breadth, or, which is nearly the fame, if 
the height is one-third of the breadth, the roof will 
be ſtronger than any other of the ſame ſcantlings; and 
therefore, if the ſcantlings are ſtrong in proportion to 
the weight of the coverings, this pitch may ſerve upon 
all occaſions. | 


Although 


4 
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Although the principal rafters are commonly made 
equally ſtrong every where, yet ſome think, that if the 
were at their feet nearly as thick as the breadth of the 
tie-beams, and to grow leſs toward the upper end, by 
one-ſixth part, they would be better; which is cer- 
tainly true, becauſe their centers of gravity become 

nearer to the point of ſupport ; they require lefs tim- 
| ber; and as the rafters may as well be ſawed in this 
manner as in the uſual way, I fee no reaſon why this 
method ſhould not be uſed, 

The king-poſts ſhould be as thick as the tops of the 
principal rafters, otherwiſe they will not be able to re- 
ceive them; and their breadth of ſufficient ſtrength to 
receive the ſtruts that are deſigned to be framed into 
them. Some will have it that the ſtruts ſhould diminiſh 
upwards as well as the rafters; but this would be car- 
rying niceties further than is neceflary. When the 
lower ends of the rafters are ſtrongeſt, the purlins, 
collar-beams, and ſtruts, ſhould be placed ſomething 
higher than the middle of the rafters, that the bearings 
may be proportional to the ſtrength, and not in equal 
parts, as is uſual. 

Purlins muſt have the ſame thickneſs as that part of 
the principal rafters to which they are framed, and 
their breadth is generally made to their thickneſs, as 
4 to 3; therefore the breadth being 8, the thicknets 
muſt be 6. Though this is the rule carpenters go by, 
yet their dimenſions ought to be determined by the 
rules given in the third ſection, Part I. 

Purlins are generally framed into the principal rat- 
ters; but, in my opinion, they ſhould rather be laid in 
the collar-beams, becauſe the rafters are not ſo much 
weakened by mortiſes, and the ſtrength of the purlins 
will not then depend on the tenons. When they are 
framed into the principal rafters, their length cannot 
be more than the diſtance between two contiguous 
rafters, which is from 10 to 12 feet only; but when 

* they 


240 PRACTICAL Part Ill 
they are laid in the collar-beams, they may then be 
twice or thrice that length, according as the ſtrenoth 
of the ſtuff will allow. N 

Small rafters may be in their ſcantlings 4 inches by 
2.5, Or 4.5 by 3.5, or elle 5 by 3.5, according to the 
nature and ſtrength of the principals, and their lenoth 
in a purlined roof ſhould not exceed ſeven feet. It is 
beſt to frame two rows of purlins, when the principal 
rafters are very long, in the manner repreſented in the 
firſt figure, Flate XXIII. by the letters A, A; which 
figure repreſents the roof, as a plain ſurface : but the 
method of framing the purlins in a right line, as here 
repreſented, is not to be recommended ; becaule when 
the mortiſes 1n the principal rafters are againſt one an- 
other, they are not only weakened very greatly in thoſe 
parts, but you loſe the pinning allo; and therefore they 
ſhould be framed, as repreſented by the letter B in the 
ſame figure. | 

The uſe of this figure is, to determine the number 
and ſituation of the principal ſmall and jack rafters: 
the principal rafters are thoſe marked by the letter D, 
and lie through the body of the plan, with tenons repre- 
ſented in the middle; the ſmall rafters are thoſe mark. W icarc 
ed f, between the principals, and the jack-rafters thoſe ¶ out 
ſhort ones whoſe tops bear againſt the hip-rafters C, It 
and are marked by the letter E: the purlins are mark- 4, h 
ed by the letters A and B. As to the other parts of pP. 
a roof, which cannot be ſeen in this figure, they are the 
repreſented in the following ſection. tho 
Fig. 2. This figure repreſents the ſection of a large and 
roof, having a king-poſt and two ſtruts to ſupport the ſtru 
principal rafters; the tie- beam is ſuppoſed to reſt in the tiles 
middle upon ſome party or partition wall, otherwiſc b 
that beam would not be able to ſupport the roof; be- all 
cauſe the greateſt weight, which is under the king-poſt, the 
would reſt upon the weakeſt part, as has been ſhewa like 
in the third ſection, Part I. | 


Fig. 3. 
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Fig. 3. This figure is the ſection of a roof to be 
covered with pantiles; the length of the rafters is the 
two-thirds of the breadth of the building, and the 
beight one-half; there is a lodging · room made in the 
middle: this roof is very ſtrong, and may ſerve al- 
W moſt in any building, eſpecially if the tie- beam is ſup- 
ported in the middle by a party-wall. 
| Fig. 4. This figure repreſents a roof, whoſe per- 
Ipendicular height is three-eighths, and the length of 


the rafters five-eighths of the breadth; this roof is alſo 


very ſtrong, but I think that in ſmall buildings the 
king- poſt with its two ſtruts might be left out without 
any inconveniency; becauſe the two prick- poſts toge- 
ther with their ſtruts are ſufficient to ſupport the raf- 
ters. 

Fig. 3. This figure is a ſection of a roof of pedi- 
ment · pitch, with a valley in the middle to take off the 
barn roof aſpect, which it otherwiſe would have, if the 
rafters were continued up to an angle; in this roof are 
made two lodging- rooms, as bejng framed with a col- 
lr-beam and middle-poſt, which laſt muſt be ſup- 
ported by a party-wall, otherwiſe the tie-beam will 

ſcarcely be able t ſupport the weight upon it, with- 
out its being of very large dimenſions. 

It may be obſerved, that the poſts in fig. 2, 3, and 
4, have all joggles, which are by many workmen not 
approved of, on account of the waſte of timber, and 
the length of time to frame them; in order to ſatisfy 
thoſe that are for plain-work, and yet make it ſtrong 
and durable, it will be ſufficient to cut the tenons of the 
ſtrurs which enter into theſe joggles, as well as the mor- 
tiſes, in the ſame manner as they are repreſented here 
by the joggles, which will do very near as well; for 
all tenons cut at right angles will bear the preſſure of 
the poſts in the ſtrongeſt manner that can be. It muſt 
likewiſe be obſerved, that all the iron bands repreſented 
in theſe roots, are thought by the workmen to be very 
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uſeful in ſtrengthening the work, though needleſs in 
my opinion. 

As workmen differ very much in their manner d 
framing roofs, it is impoſſible to give ſuch rules a 
will ſatisfy every body; but what has here been ſaid, 
together with the principles given in the third ſeCtion, 
part I. of the ſtrength of different ſcantlings, will be 
ſufficient to the intelligent reader, to frame all ſorts of 
plain roofs, upon any occaſion, in the beſt mannes 
which is all we propoſe in this work. As to thoſe 
called manſard, or broken roofs, and thoſe for domes 
or cupolas, which are the moſt difficult of all carpen- 
ters work, their conſtruction rather belongs to a com- 
plete architect than to an engineer. 
But before we conclude this ſection, it will not be 
unneceſſary to ſhew how the length and poſition of the 
hip rafters C, C, figure 1, are to be found; the dif. 
tance P Q of the laſt principal rafter D from the end 
of the roof is always equal to half the breadth P S of 
the building; and having the length QR of the prin- 
cipal rafter D, that of the hip-rafter P R is likewiſe 
given, as being the hypothenuſe of a right angled tri- 
angle PQ R. 

And becauſe the perpendicular height of the roof i; 
given as well as the diagonal drawn from the point P 
to the foot of the perpendicular dropt from the point R 
to the plan of the building, the inclination of the hip: 
rafter C, may be found by a ruler and compaſſes; or, 
by trigonometry, thus: The length of the hip-rafter 
PR is to the perpendicular height of the roof, as the 
radius is to the tangent of the angle made by this rafter 
and the plan of the building. 


Of CIELING. 


Although the manner of cieling is very common, 
ver it is neceſſary, that the young engineer ſhould 
know how it is performed, In buildings of no great 
am conſequence, 


a 
conſe 
part 
done 
room 
with 
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conſequence, the laths are nailed on the joiſts, ſo as a 


done in view to get 5 or 6 inches in the height of the 
room; and the part of girders that appear are covered 
with deal boards, with a little cornice round it, and 
ainted with the ſame colour as the wainſcot. The 
W plaſter for cieling is made of lime and hair,” to make 

hit ſtick the better, and laid on very ſmooth : when it 
lis dry, and has any cracks in it, as commonly happens, 
it is paſſed over with a trowel dipt in thin plaiſter 
this is continued till it is quite ſmooth, and without 
any cracks: after this it is white-waſhed two or three 


a fine white. 

But in buildings of any conſequence, cielingsjoiſts 
are framed into the girders, ſo as to be even with the 
under ſurface, as has been obſerved before. As theſe 
piſts are put in after the frame of the floor is made, 
and juſt before the cieling is finiſhed, one of the mor- 
uſes is made about a foot long, ſloping ſo as that when 
the tenon at one end is fixed into the mortiſe, the 
one may ſlide through the other till it becomes perpen- 
dicular to the gird& where it is pinned down. 

As to cielings made with various work, or that are 
painted, the curious reader may conſult books of archi- 
tecture, which treat of them: we ſhall only add, that 
celings are meaſured by the yard of 9 feet ſquare, 


Of WAINSCOTING. 


Formerly wainſcoting was made with oak, and it is 
from thence it has derived its name; but at preſent 
White, deal is uſed only: the rooms were commonly 
vainſcoted quite up to the cieling, and terminated by 
a cornice ; but the later cuſtom is to carry it only up 
chair high, that is, from two to three feet; the reſt of 
the wall is covered with flowered paper, which is very 
Eeap and beautiful, or elſe it is finiſhed with ſtucco 

R 2 covered 


part of the girder appears below the cieling : this is 


times over with lime-water and ſize, till it appears of 
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covered with hangings. To prevent the paper fron 
being ſpoiled by the dampneſs of the wall, it is paſte 
on thin cloth, and fixed in frames. 

Walls ſhould never be wainſcoted before a twelve. 
month ſtanding at leaſt; two or three years would he 
better; otherwiſe the pannels will unglue, do what yay 
will, and ſhrink in dry weather, whereby it will be þ 
ſpoiled that all the repairs that can be made will neve 


look well; fo that all the trouble and expences vill 


entirely be loſt, . 

Though the wall is dry, if the (tuff is not fo, it vil 
produce ſtil] the ſame effect; and as dry and well-ſe. 
ſoned ſtuff is much dearer than that which is green, and 
not many workmen have it in their power to keep al. 
ways a ſtock of dry ſtuff before-hand, it is a very diff. 
cult matter to have this work performed as it ought u 
be. I have ſeen a houſe that was repaired three time 
in five years, and now is good for nothing; becauſe 
the walls were not dry, and the ſtuff not ſufficient) 
lealonedz; and if government-work, which is alway; 
well paid for, is ſo badly executed, what muſt a pri: 
vate perſon expect, if he is not very careful in hi 
bargain, and does not underſtand the work himſelf? 

Wainſcoting is meaſured by the ſquare yard of 9 feet, 
and all the turnings of the mouldings are meaſured by 
a thread, and looked upon as plain, excepting the cor- 
nice, which is meaſured and paid by the foot in length; 


Of HOUSE-PAINTING. 


As the vanous colours for priming and painting art 
now-a-days made up ready for uſe, and ſold in ſhops, 
I ſhall fay nothing about them ; but only obſerve, that 
all painting in and about the houſe ſhould be well prim- 
ed, and paſſed over twice with the ſame colour the 


rooms are to be of; and great care muſt be taken to ſee 
that the colour is laid full, even, and ſmooth, according 
to the grain of the wood ; for when the bruſh is 7. 

| crols 
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Wcroſs the grain, it never looks well. This is to be 
underſtood to be done from the beginning to the entire 
Efniſhing of it, or elſe it will be to no purpoſe. 


In all out-door painting, the colours ſhould be mixed 


jup with linſeed oil, Spaniſp white, Spaniſh brown, and 
Ired lead, 1n the priming, and finiſhed with white lead: 
[this done, it will reſiſt the weather, and laſt a great 
while. ä 
| Painting 1s meaſured by the ſquare yard, in the ſame 
manner as wainſcoting; that is, all the mouldings are 
Emeaſured with a thread: the ſaſhes of windows are 
paid by the piece. If the doors and their frames are 
painted in e colour, the price is ſome what 
more than that of common painting: this ſome work- 
men perform ſo well, as to appear at a diſtance as well 


33 that wood itſelf. When chimnies are lined with 
Portland ſtone, they are often painted like marble, and 


when it is well done, look very neat for three or four 
| years, 


Of TYLING-ROOFS. 


There are various ſorts, ſuch as plain-tiles, pan-tiles, 
| ridge, hip, gutter, paving, and Dutch tiles. Plain-tiles 
are the common fort which are uſed in covering of 
houſes; they are about 10.5 inches long, ſix and a 
quarter broad, and half an inch and half a quarter 
thick; but in the country they vary ſomething from 
| theſe dimenſions; they weigh about 2.5 pounds, that 

is, 100 weigh nearly 2500 pounds. Tyling is mea- 
ſured by a ſquare of 100 ſquare feet, and the num- 
ber of tiles required for ſuch a ſquare depends on the 
diſtance of the laths; which when 6 inches, requires 
| $00; when 6.5 inches, 740; when 7 inches, 650; 
when 7. 5 inches, 640; and when it is 8 inches, but 
boo tiles. 


Pan- tiles are of a quadrangular figure; when flat, of 


about 13 inches long, 6 or 7 inches broad; they are 
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bent croſs-ways in the form of an 8, only one of the 
arches is about three times as big as the other; ſo thy can p: 
when they are laid on a roof, one of the edges which MW... 

is leaſt bent is covered by the edge of the other that; 
moſt bent; ſo that the roof looks like furrows, one 
high and the other low. Theſe tiles ſerve moſtly for 
low roofs, ſuch as ſtables, ſheds, and outboulcs: 
about 600 will cover 100 feet ſquare, 

Ridge-tiles are uſed to cover the ridges of houſes, 
and are made in the form of a ſemi-cylindric ſurface, 
of about 13 inches in length, and of the ſame thick. 
nels as plain-tiles; their breadth at the outſide meaſure; 
about 16 inches, or leſs. 

Hip, or corner tiles, are at firſt made flat like plain. 
tiles of a quadrangular figure, whoſe two ſides are right 
lines, and rhe ends arcs of circles; the upper end con- 
cave, and the lower convex, the later being about ſe- 
ven times as broad as the other: they are about 10.; 
long, but before they are burnt are bent upon a mould 
in the form of a ridge-tile, and have a hole at the nar- 
row end to nail them on the hip-corner of the roof. 

Gutter-ales are made like corner-tiles, only the 
edges at the larger ends are turned up for about fuur I 
inches: theſe tiles are ſeldom uſed where lead is to be 
had, as being better for this purpoſe. 

Dutch tiles are commonly uſed in chimnies ; they 
are made of a whitiſh earth, glazed and painted with 
various figures, fuch as birds, flowers, or landſkips, 
in blue or purple colour; and are about 6.5 inches 
each way, and three quarters of an inch thick. When 
thele tiles are properly ſet with good mortar, they look 
very beautiful, and caſt a greater heat than ſtone; for 
being very ſmooth, and glazed, the rays of heat ſtrik- 
ing upon them are all reflected backward into the room, 
eſpecially when the ſides of the chimnies are oblique, 
or in the form of circular arcs, 

Pan tiles are laid in mortar, becauſe the roof being 
very flat, and many tiles being warpt in the n, 

they 
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they will not cover the roof ſo well as that no water 
can paſs between them. Sometimes theſe tiles are var- 
niſhed with a dark brown colour; which makes them 
aſt a great while, and look better than the others, but 
are dearer in proportion. 

Plain- tiles are not laid in mortar, but pointed only 
in the inſide; as to the ridge and corner tiles they are 
all laid in mortar, becauſe they lie ſeldom fo cloſe as 
not to admit any water to paſs between them. There 
ae alſo tiles uſcd in paving that are either ſquare or 
hexagonal, which when well burnt and laid in good 
mortar, look very neat, and Jaſt long; but as paving 
in genera] is fo well known, it would be needleſs. to lay 
any more about it. 
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"FO | Centre 
Of AQUATIC BUILDINGS, MW: 
A than thoſe conſtructed on dry land, and re. 

quire much more ſkill and knowlege both of 


the theory and practice, no leſſer work than Mr. Hel 
dor's Architecture Hydraulic, is neceflary to give a 
true knowlege of their conſtruction and execution, 
according to the different ſituations and circumſtances, 
As this author had the aſſiſtance of the greateſt engj- 
neers ini France, who have more experience and 
knowlege both in theory and practice, than any 
others in Europe; ſo no man had a better opportunity 
to give every thing neceſlary relating to this ſubjet, 
Since therefore his works are, or ought to be, in the 
hands of every engineer, we ſhall content ourſelves, to 
give here ſome general principles, together with parti- 
cular obſervations of the moſt material parts of cheſe 
buildings, for the ſake of thoſe who have no oppor- 
tunity to perule ſo extenſive a work as his, 


7s 
Of STONE BRIDGES. 


HE ſituations of bridges are eaſily known, and 

need no explanation; the only thing to be ob- 
ſerved is, to make them croſs the ſtream at right an- 
gles, for the ſake of the boats that.paſs through the 
arches, with the current of the river; and to prevent 
the continual ſtriking of the ſtream againſt the rok 
whicl 
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which may endanger them in a long courſe to be 
damaged and deſtroyed in the end. 

| Bridges built for a communication of high roads 
lought to be ſo ſtrong and ſubſtantial as to be proof 
TL acainſt all accidents that may happen, to have a ** 
catrance for carriages, afford an eaſy paſſage to the 
vaters, and be properly adapted for navigation, if the 
ner admits of it; therefore the bridge ought to be at 
W [caſt as long as the river is wide in the time of its 
greateſt flood ; becauſe the ſloping of the water above 
may cauſe too great a fall, which would prove dan- 
| gerous to the veſſels, and occation the under gravelling 
the foundation of the piers and abutments. 

| To this may be added, by reducing the paſſage of 
| the water too much, in time of a great flood, it might 
break through the banks of the river, and overflow 
the adjacent country, which would cauſe very great 
damages; or, if this ſhould not happen, the water 
| might riſe above the arches, and endanger the bridge 
to be overſet, as it has happened in many places, 
When the length of the bridge is equal to the breadth 
of the river, which is commonly the caſe, the current 
is leflened by the ſpace taken up by the piers; for 
| which reaſon, this thickneſs ſhould be no more than is 
| neceſſary to ſupport the arches; and it depends, ag 
| well as that of the aburments, on the width of the 


W arches, their thickneſs, and the height of the piers. 


The form of the arch is commonly ſemicircular 


but when they are of any great width, they are made 


| elliptical, becauſe they would otherwiſe become toa 
high; as has been done at the Pont Royal at Paris, 
| where the middle arch is 75 feet, and its height would 
have been 37.5 feet; inſtead of which, it is only 24, 
by being made elliptical. 

Another advantage of much more importance ariſes 
from the oval figure; which is, the quantity of ma- 
ſonry of the arches is reduced in the ſame proportion 
as the radius of the arch is to its height: that is, ud 
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the radius is 36 feet, and the height of the arch 2, 
that is, three fourths of the radius, the quantity gf 
maſonry of the arches is likewiſe reduced to three 
fourths ; which muſt leſſen the expence of the bridge 
conſiderably, 

When the height of the piers is about fix feet, and 
the arches are circular, experience has ſhewn, ſays Mr, 
Belider, it is ſufficient to make the thickneſs of the 
piers the ſixth part of the width of the arch, and two 
feet more; that is, the thickneſs of the piers of an arch 
of 36 fert ought to be 8 feet; thoſe of an arch of 46 
feet, to be 10. 

When the arches become of a great width, the 
thickneſs of the piers may be reduced to the fixth part 
of that width; but the depreſſion of the two feet j; 
not done at once; that is, in an arch of above 48 feet, 
3 inches are taken off for every 6 feet of increaſe of 
the width of the arch. For inſtance, the thickneſs of 
the piers ſupporting an arch of 52 feet wide, ſhoul/ 
be 14 feet, according to the preceding rule; but by 
taking off 3 inches for every 6 feet, above 2n arch of 
48 feet wide, the thicknets of the piers is reduced to i; 
feet: conſequentiy, by following the ſame rule, tic 
thickneſs of the piers ſupporting an arch of 16 fathoms 
wide, will te 16 feet; all the others above that width 
are the fixth part of the width. 

After this, Mr, Belidor gives a rule for finding the 
thickneſs of the piers which ſupport elliptic arches, 
and makes them ſtronger than the former: the abut- 
ments he makes one ſixth part more than the piers of 
the largeſt arch. 

It is plain that theſe rules are merely gueſs- work, 
determined from ſome works that have been executed. 
But tho' examples are neceſſary to confirm the truth 
of the theory, yet they are not ſufficient to form, from 
one or two bridges that have been built, a general rule 
for others of different forms or dimenſions, without 
either making lame ſtronger or weaker than they ovght 
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to be: beſides, granting this rule to be true, yet when 
the piers are of any other height, we are quite left in 
the dark; and therefore, it is neceſſary to have re- 
courſe to theory, in order to find how much the piers 
are to vary in their thickneſs, according to their height, 
and the width of the arches. But, previous to this 
theory, it is neceſſary to know the proper thickneſs 
of the arches at their key- ſtones, becauſe that of the 
piers depends partly om it. 

The thickneſs of the arch ſtones, I muſt confeſs, is 
not to be determined by theory, at leaſt that I know 
of; nor do thoſe authors who have written on the ſub- 
jet agree amongſt themſelves, Mr. Gautier, an ex- 
perienced engineer, in his works, makes the length of 
the arch ſtones, of an arch 24 feet wide, two feet; of 
an arch 45, 60, 75, 90 wide, to be 3, 4, 5, 6 feet long 
reſpectively, when they are hard and durable; and 
| ſomething longer when they are of a ſoft nature: on 

the contrary, Mr. Belidor ſays they ae to be always 
one twenty- fourth part of the width of the arch, whe- 
ther the ſtone be hard or ſoft; becauſe, if they are 
ſoft, they weigh not ſo much. 

But that the length of the arch- ſtones ſhould be but 
2 foot in an arch of 24 feet wide; 2, 3, 4, in arches of 
48, 72, 96, feet, it appears to me impoſſible; be- 
cauſe the great weight of the arches would, as I ima- 
cine, cruſh them to pieces, by the preſſure againſt one 
another; and therefore Mr. Gautier*s rule ſeems to be 
much preferable. As he made the length of the arch- 
ſtones to increaſe in a flower proportion, from 10 to 45 
feet wide, than in thoſe above that width; we imagine, 
that the latter will be ſufficient for all widths, whether 
they are great or little, Therefore in the following 
computation, we ſhall ſuppoſe the length of the arch 
ſtones of 2o feet in width to be two feet, and to in- 
creaſe one foot in fifteen; that is, 3 feet in an arch of 
45 feet; 4, 5, 6, in an arch of 60, 75, and go feet 1 
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and fo the reſt in the ſame proportion; this being pre. 
miſed, we ſhall proceed to ſhew how the thickneſs of 
the piers is to be found. | 


| PROBLEM. 
Plate XXIV. Fig. 4. To find the thickneſs BC 9 


the prers, when the arch is terminated by two con. 
centric ſemi-circles, and there is a wall RN above 


the middle 0 ond poke wh: ſe height is equal to that 5 
of the arch, and its baſe to the difference between a 
the breadth A D of the pier, and twice the thick. arc 
nefs AG of the arch. be 
| the 
Let the radius OM paſs through the center of gra. the 
vity L of half the arch GE, LK, and LI, perpendi- ſto 
cular to OA and OL; then if the radius OA of the it 1 
interior circle be called a, the radius OG of the exte- fin 
rior one Y; their difference AG, d; OK or KL = , 0 
the area GE of half the arch; the height AB of the pr. 
piers c, their thickneſs BC = z; laſtly, let unity be to tio 
7, as the radius 1s to the ſemi-circumference ; or, which art 
is the ſame, let 7 = 3.142 nearly; then by what has is 
been ſaid in the ſecond problem, ſection II. of the firſt fir 
Loa a th 8 bb It 
part, we have 4 * = 7 1 fo 
g=e+2m—a, and 22g —2 21 2 for double the in 
momentum of the arch's preſſure againſt the pier. 
Now becauſe the baſe RG of the wall above the fr 
we is equal to AD—2 AG, or z— 24, and its 4 
eight RN =5, z — 25 4 will expreſs the area of b 
that wall, and as the line which paſſes through its cen- * 
ter of gravity perpendicular to B C biſects that line; © 
4 2 will be its diſtance from the point fix C; we have a 
43 zz— bd z for its momentum; and as the momen- 
tum of the pier C A, has been found in the above- t 
cited problem to be 4 c zz; double the ſum of theſe 1 


two 


2 
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two laſt momentums being made equal to 2» g —2 * K, 
ves bz2z+Fczz—2bdz=2ng—2nz; or if 
we ſuppole 6 + c = 5, and #— ds q; this equa- 
tion becomes 5 zz +25qz=2 2 g; whole ſquare 


— 


root is 2 1 4 = 1 21 


R. E M A R K. 


We have ſhewn in the ſecond ſection of the firſt part, 
after problem the ſecond, that on account of the ce- 
ment and roughneſs of the ſtones, the weight of the 
arch, or, which is the ſame, the area x of G E, ſhould 
be diminiſhed by one third or more, in order to have 
the true momentum of the arch; and as in bridges, 
the parts between the arches are filled up with looſe 
ſtones, their weight will be greater in this caſe, than 
it would be otherwiſe. The queſtion 1s therefore to 
find what value ought to be aſſigned for u, in order 
to find the thickneſs of the piers able to ſupport the 
preſſure of the arch, when it is loaded with this addi- 
tional weight. For ſince the ſpaces above the arches 
are always ſimilar When the upper part of the bridge 
is horizontal, and conſequently proportional to the 
ſimilar parts AG FE, and this is nearly fo in bridges; 
it is manifeſt, that if the whole area AG FE, is taken 
for the value of u, and the piers are ſufficiently ſtrong 
in one caſe, it will be ſo in all others. 

As the value of 2 cannot be eſtimated ſo truly as 
from ſome bridge that has been executed, and is looked 
upon by the maſters of this art as a model to go 
by; ſo we ſhall make it appear, that if z expreſſes the 
whole area AGFE, the thickneſs of the piers will 
come out nearly the ſame as thoſe of the Pont Royal 
at Paris, which ſupport the greateſt arch. 

According to Mr. Belidor, in an arch of 75 feet wide, 
the thickneſs of the piers whoſe height is about 6 feet, 
ſhould be 13.5, when the arch is circular; and 15 ons 

when 
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when it is elliptical, as that of the above- mentioned 
bridges. But we have ſhewn in the ſecond ſection, tha 
the preſſure of an elliptic arch is no greater than that 
of a circular form, on account of the weight being leſs 

in the former than in the latter; and ſince, according t * 
thi problem above, the thickneſs of the piers of ach 20 
an arch is found to be 14 feet, when they are 6 feet 
high, as in thoſe of the Pont Royal; it is evident, that 
the value of » aſſumed here, agrees with the above 35 
rule as nearly as can be expected. 40 

Now as Mr. Belidor lays, that his rules are agreeable * 
to the practice of the greateſt maſters in that branch of 1— 
engineering, we may preſume, that the thickneſſes off — 
the piers, we have found, will be ſufficient in all the [33 
difterent caſes that can happen, with this precautionM.*? 
however, that the piers are made of ſtrong ſolid ſtones, Ml. *5 
laid in the beſt and molt ſubſtantial manner. 70 

It is to be obſerved, that the thickneſs of the piers 
here found, are ſuch as if there were but one ſingle 
arch; but when there are arches on each fide, the pref. 
ſure of the one deſtroys that of the other. But as all 
the arches cannot be built together, it is of abſolute 
neceſſity, that the piers ſhould be able to reſiſt the 
preſſure of each arch, independent of the adjacent 
ones; for which reaſon, it is neceſſary to build the wall 
GN above the pier before the arches are formed, as 
Mr. Labely has moſt judiciouſly done at Weſtminſter: 
Bridge; for by this means, the arch will be in no danger 
to fall and cauſe needleſs expences. As to the parts 
between the arches, and the wall GN, they ought not 


to be filled up till ſuch time as the arches on each fide 
are finiſhed. 
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TABLE containing the thickneſs of the piers of 
BRIDGES. 


9 83: 1.38 18 2124 


4.918 5.165 835492 5.610 5.698 
5.913 6.216 6.455 6.645 6.801 7.930 
6 6.816 7.225 7.513] 7.746 7.939 8. 102 
7.786 8.200 8.532 8.807 | 9.037 | 9.233 
8.091] 9.148| 9.523] 9.835 10. 10110. 328 
9.579 lo. 77 10. 48910. 837 11.130611. 394 


10.454 [10.987 [11.435|11.817 [12.146]12.4.34. 
11. 24511. 88212. 3641 3.019 13.149 |13.218 


12.110 2.71813 28113.723 14. 10914 314 
13.025 13.648 [14.185 14.654 15 082 15.433 
13.869 14.517 14.049 ff 5. 573 16.011 Tb. 400 
14.205 15. 335 15.955 16.480 16.940 17.354 
15.542 16.234 16. 84217. 38 117.804 18.298 
16.328 [17.041 [17.7604 [18.237 18.742 
17.201117.929 [18.578[19.157 [19.679 [20.152| 
17.826 18.772. 19.433 [20.036 [20 577 [21.008 | 
18.848119.610 20.293 [20.908 [21.465 [21.976] 


The firſt horizontal line expreſſes the height of the 
vers in feet, from ſix to 24 feet, each increaſing by 3: 
the firſt vertical column, the width of arches from 20 
0 100 feet for every 5 feet. | 
The other columns expreſs the thickneſs of piers in 
ket and decimals, according to the reſpective height 
Wit the head of the column, and the width of the arch 
gainſt it in the firſt column. þ 
Thus for example, let the width of the arch be 60 
ket, and the height of the piers 12; then the number 
12,718, under 12, and againſt 60, expreſſes the thick- 
teſs of the piers, that is 12 feet, and 8.6 inches; we 
nuſt obſerve. again, that the length of the key - ſtone 
is 
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is 2 feet in an arch of 30 feet wide; 3, 4, 5, 6, in an 
arch of 45, 60, 75,90; that of 20 feet width one fog 
4 inches; and the length of any other width is found 
by adding 4 inches for every 5 feet in width. 

As this table contains the thickneſſes of piers in re. 
ſpect to arches that are commonly uſed in practice, ye 
- imagined, that to carry it farther would be needleß; 
beſides, if any other arch of a greater width was pro. 
poſed, the ſtrength of its piers may be found by the 
foregoing problem, as well as that of any intermediate 
one not inlerted here; or becauſe the difference he. 
tween the thickneſs of the piers of any two contiguou 
arches is but ſmall; thoſe between any two marked 
here may be made equal to half the ſum of the next 
below and above it: thus the thickneſs of the piers of 
an arch 52 or 53 feet wide is nearly equal to 10.222, 
half the ſum of the thickneſſes 9.805 and 10.64 of the 
arches 30 and 55 feet wide, when the height of the 
piers is 6 feet. 

Rectangular piers are ſeldom uſed but in bridges 
over ſmall rivers; in all others, they project the bridge 
by a triangular priſm, which preſents an edge to the 
ſtream, in order to divide the water more eaſily, and 
to prevent the ice from ſheltering there, as well a 
veſſels from running foul againſt them; that edge is 
terminated by- the adjacent ſurfaces at right angles to 
each other at Meſtminſter- bridge, and make an acute 
angle at the Pont Royal, of about 60 degrees; but lat- 
terly the French terminate this angle by two cylindric 
ſurfaces, whoſes baſes are arcs of 60 degrees, in al 
their new bridges. | 

When the banks of the rivers are pretty high, the 
bridge is made quite level above, and all the arches of 
an equal width-; but where they are low, or for the 
ſake of navigation a large arch is made in the middle of 
the ſtream, then the bridge 1s made higher in the middle 
than at the ends; in this caſe, the flope muſt be made 
eaſy and gradual on both ſides, ſo as to form above 

| one 
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ode continued curve line, otherwiſe it appears difagree- 
ble to the eye. Mr. Belidor will have the deſcent of 
that lope to be one twenty-fourth part of the length; 
and Mr. Labely ſays he made it one-twentieth part 
ly, which he thinks to be ſcarce perceptible : but as 
etminſter- bridge is 1220 feet according to his own 
count; if half this breadth be divided by 20, we 
ſhall find 30.5 for the difference between the height 
ff the middle arch and the end of the abutments : now 
f this can be called ſcarcely perceptible, | ſhould be 
ad to know how far this deſcent may be carried, 
hee it is plain, that the ſlope of Meſtminſter- bridge is 
o much by a good deal, according to the belt judges; 
r the beauty of any bridge conſiſts, in that one may 
e from one end to the other, like a ſtreet, if it is poſ- 
Wile; or, if the nature of the ſituation does not permit 
che leaſt riſing is the beſt; for which reaſon, I 
ould think that one fiftieth part of the length is quite 
ancient for the deſcent; whence, according to this 
le, the middle arch of the above-mentioned bridge 

ould be about 11 feet higher than the ends of the 
otment, which, in my opinion, would have looked 

ery well. 

t may be ſaid, that the circumſtances would not 
os ſo eaſy an aſcent, becauſe the arches are circular; 
vt if the middle arch, which is 38 feet high, had been 
ade elliptical, then that height would have been 
duced to 28.5 feet, that is, to three-fourths of the 
reſent height; this would have diminiſhed the height 
tf the bridge by 9.3; and beſides, one-fourth of the 
aſonry contained in the arches would thereby have 
ken ſaved, which methinks would have been a ſuffi- 
ent inducement to recompence the little more trouble 
quired to make an elliptic arch inſtead of a circular 
me. . 

The width commonly allowed to ſmall bridges is 30 
et; but in large ones near great towns, thele 30 feet 
It allowed clear for horſes: and carriages, beſides a 


8 banquet 


238 PRACTICAL Part Ii 


banquet at each ſide for foot paſſengers of 6 to ꝗ («ii 
each, raiſed about a foot above the common road; th 
parapet-walls on each ſide are about 18 inches thick 
and four feet high; they generally project the bridg 
with a corniſh underneath : ſometimes balluſtrades « 
ſtone or iron are placed upon the parapet, as at V, 
minſter ; but this is only practiſed where a bridge of 
great length is made near the capital of a country. 

The ends of bridges open from the middle of th 
two laſt arches with two wings making an angle of 
degrees with the reſt, in order to make their entrang 
more free and eaſy ; theſe wings are ſupported by th 
ſame arches of the bridge next to them being continue 
in the ſame manner of an arch, of which one pier 
much longer than the other. | | 

We have before determined the length of the key 
ſtone, but ſaid nothing of the others towards the fprng 
of the arch; which were formerly made all of the fam 
length, and the reſt of the front-walls finiſhed wit 
horizontal courſes up to the cordon, and the ſpandrel 
or interval between the arches filled with rubble-ſtone 
without mortar; but now the joints of the arch-ſtoneM 
are continued quite up to the cordon, and the looſe 
ſtones between-the-arches on the inſide are laid in the 
direction of the {ame joints. This way of finiſhing th: 
courſes of the ſtones, both without and within, is cer 
tainly preferable to the former; but the beſt and onl) 
true method is, to form the outſide courſes, in the 
manner juſt now mentioned; and in the inſide, the 
arch-ſtones continued ſo as to form the curve, wholg 
conſtruction has been given in the laſt problem of ti 
ſecond ſection, part the firſt : this being done, and thi 
ſtones ſo far laid in mortar, they will be in equilibri 
with each other, as has been ſhewn in that ſection; th 
reſt may be filled up with looſe ſtones having prope 
bonds as uſual. Soy 
As the conſtruction of this exterior curve is ſo cali 

its execution can admit of no difficulty; but becau 
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e have not given that when the interior curve is an 
Ellipſis, and we have proved that curve to be the beſt 
nd only one to be uſed in bridges, we muſt beg leave 
o refer the reader to the fifth ſection of the third book 
Pf our mathematical treatiſe, where it is given; it Was 
Through overſight omitted in this work, 

When the upper part of the bridge is finiſned with 


ones in the manner mentioned above, ſo as to form 


One continued curvilinear ſurface, a bed of ſand and 
pravel 1s laid all over it, of about 6 feet deep, and then 
Woiſhed with paving the middle paſſage, or with coarſe 
Pravel, and the banquets are covered with flat ſtones 
Wor the foot paſſengers. 
be ſpring of the arches ſhould begin at low-water 
Wimark ; that is, that of the middle or greateſt, the reſt 
Ware raiſed ſomewhat higher, ſo as to make the upper 
part of the bridge of the propoſed deſcent; but in a ſitu- 
Nation where the water ſwells very high in ſome particu— 
War ſeaſon of the year, regard muſt be had to that, and 
che arches mult be raiſed accordingly. 
The firſt figure of plate XXIV. is the elevation of a 
ridge with elliptic arches, the ſecond is the plan, and 
the third a ſection through the middle of the arch next 
Wo the abutment; the arches are 75 feet wide, the piers 
i high, and 15 broad; the angles at the extremities 
Ware right ones, and reach from the bed of the river quite 
up to the top of the parapet, Where they form receſſes 
bor paſſengers to retire into upon occaſion; but the 
foundation up to the bed of the river is rectangular, for 
Jreaſons mentioned hereafter. The ſection ſhews the 
F wings of the bridge in front, and how the arch turns in 
that place. 
We have thus given all the dimenſions of the ſeveral 
parts of ſtone bridges (for the mott part deduced from 
Ia well- aſſerted theory, ani therefore may be depended 
upon with more ſecurity than thoſe given by other 
authors) and which are to be neceſſarily known before 


the building of a bridge is undertaken ; we ſhall naw 
8 2 ſhew 


* 
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ſhew how to proceed in the execution from the begin. 
ning of laying the foundation to the entirely fmiſhing 


| of the work. 


How the work ts to be carried on. 


As the laying the foundation of the piers is the mc? 
difficult part of the whole work, it is neceſſary we 
ſhould begin with an eaſy caſe ; that is, when the dept 
of the water does not exceed 6 or 8 feet; and then 
proceed to thoſe which may happen in a greater depth 
of water. 

One of the abutments with the adjacent piers is in- 
cloſed by a dyke, called batardeau by the French, of 
fufficient width for the work, and room for the work- 
men: this batardeau is made by driving a double 
row of piles, whoſe diſtance is equal to the depth of 
water; and the piles in each row are 3 feet from each 
other; they are faſtened together on the outſide by 
bonds of 6 by 4 inches: this being done, frames of 
about ꝗ feet wide are placed on the inſide to receive the 
boards, which are to form the incloſure, the two up- 
rights of theſe frames are two boards of an inch and 
half thick, ſharpened below to be driven into the ground 
and faſtened together by double bonds, one below, 
and the other above, each ſeparated by the thickne! 
of the uprights; theſe bonds ſerve to ſlide the boards 
between ; after theſe frames have been driven into the 

ound as hard as can be, then the boards themſelves 
are likewye driven in till they reach the firm ground 
underneath. 

Between every two piles tie beams are faſtened to the 
bonds of the piles to faſten the inſide wall to the outſide 
one; theſe tie-beams are let into the bonds and bolted 
to the adjacent piles: this being done, the bottom is 
cleared from the looſe ſand and gravel, by a machine 
like thoſe uſed by ballaſt-heavers ; and then well-pre- 
pared clay is rammed into this coffer very tight and 
firm, to prevent the water from oozing through. | 

| Sometimes 
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Sometimes theſe incloſures are made with piles only 
driven cloſe to each other, at others the piles are notched 
or dovetailed one into the other: but the moſt uſual 
method is to drive piles with grooves in them 5 or 6 


| feet diſtant from each other, and boards are let down 
between them. 


This being done, pumps and other engines are uſed 


to draw the water out of the incloſure, ſo as to be 
| quite dry; then the foundation is dug, and the ſtones 
are laid in the ſame manner, and with the fame pre- 
| cautions as have been mentioned in reſpect to thoſe of a 


fortreſs : oblerving to keep ſome of the engines always 


| ſtanding, in order to draw out the water that may ooze 
| through the batardeau. 


The foundation being cleared, and every thing ready 


to begin the work; a courſe of ſtones is laid, the outſide 
| all round with the largeſt ſtretchers and headers that 
can be had, and the inſide filled with aſnlers well joint- 
ed, the whole laid in terraſs mortar : the facings are 
| crampt together, and ſet in lead; and ſome cramps are 
allo uſed to faſten the facings with the inſide. The 
ſame manner is to be obſerved throughout all the 
courſes to the height of low-water mark; after which 


the facings alone are laid in terraſs mortar, and the in- 


| {ide with the beſt of the common fort. 


The extent of the baſe of the foundation does not ſo 


much depend on the bigneſs of the piers as on the 
whole weight of the ſuperſtructure, which methinks 
| has not always been ſo muck conſidered as ſhould have 
been done; for it is ſaid, that every courle ſhould pro- 
ject about a foot beyond that which is next above it 
trom the height of low water mark, whether the bridge 
| be high or low, the arches circular or elliptic: but as 


every pier ſupports two half arches together with the 
weight of the {tones laid between the hanches; the baſe 


ought to be regulated accordingly, as likewiſe in pro- 


portion to the height of the pier. When the founda- 


ion is carried to the height of low-water mark, or to 
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the height where the arches begin, which ought to b: 
either thereabout, or at moſt two feet above it, when the 
arches are elliptical ; then the ſhaft or middle wall is t 
be carried up nearly to the height of the arches, and 
there left ſtanding till all the piers are finiſhed, in orde; 
that the maſonry may be ſufficiently dry and ſettled 
before the arches are begun. 

As the piers end generally with an angle, it i; 
cuſtomary to lay the foundation in the ſame man. 
ner, which is not ſo well as to continue the baſe rect. 
angular quite to the ends of the piers, and as high a 
low-water mark; both becauſe the foundation be. 
comes then ſo much broader, and alſo becaule the 
water will not be able to get under it : for when the 
current ſets againſt a flat ſurface, it drives the ſand and 
mud againſt ir, ſo as to cover it entirely; whereas, if: 
ſharp edge be preſented to the ſtream, it carries ev; 
thing away, and expolrs the foundation to the continual 
action of the water, which in courſe of time mul 
deſtroy it. 

The piers being all finiſhed, and the maſonry woll ſet. 
tied, the next thing to be done is to frame and fix the 
centers, which ought to be ſo ſolid and ſtrong as to be 
able to ſupport the great weight of the arches; as their 
conitruction is commonly known by workmen, and a 


thoſe made uſe of at Yeminſter-bridge will be explained 


by Mr. Labehy himſelf, we ſhall ſay no more of then 
than to obſerve, that they are fixed at the ends upon 


the projection of the foundation; and when the arches 


are very large they are ſupported in the middle by piles, 
and they mult be raiſed by means of iron wedges about 
3 iaches higher than the arches are intended to be, in 
order to allow for the ſettling of the maſonry, theſe 
wedges by being looſened gradually ſerve to eale tit 
center, ſo that it may only juſt touch the arch, and 
facilitate the taking it quite away when the maſonry is 


. {ufficiently ſettled. 


The 
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The Frenchengineers fix thin boards on each ſide with 
the directions of the joints marked upon them, for the 
conveniency of working with more ſpeed : this appears 
to be very uſcful, eſpecially when the arches are ellipti- 
cal: they have patterns beſides for every joint, in order 
to cut the ſtones in a proper manner. 

Theſe preparations being made, the ſtones of the firſt 
courſe are crampt together, as alſo all thoſe of every 
fifth courſe quite up to the key-ſtones. All the ſtones 
are to be laid in good ſtrong mortar, not very thick, fo 
that they may lay as cloſe as poſſible, and cauſe but 
little ſettling; the arch being completed, the center is 
eaſed by means of the wedges, but left ſtanding till the 
next arch is finiſhed; then it is taken away and made fit 
to ſerve for ſome other arch; ſo that there are not above 
three centers required to complete the bridge. 

After the intervals between the arches are filled up 
with ſtones laid in a regular manner without mortar, 
and the gravel is laid over them, two drains or gutters 
are made length-ways over the bridge, one on each ſide 
next to the foot-path, of about ſix feet wide, and a foot 
deep; which, being filled with ſmall pebble ſtones, 
ſerve to carry off · the rain-water that falls on the bridge, 
and to prevent its filtering through the joints of the 
arches, as often happens. | 

If the ſame precautions were uſed here, as have been 
above recommended to prevent water from penetrating 
through arches conſtructed under ground, I ſhould 
imagine that this would be much better than the me- 
thod commonly practiſed ; for when the water paſſes 
through the joints of the arch-ſtones, as it does at Veſt- 
minſter-bridge, it has an ill effect to the eye, becauſe 
thoſe ſtones that are wet look of a black colour, diffe- 


rent from the reſt, 
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How to build in water with COFFERS. 


The former method of laying the foundation by 
means of batardeaus is very expenſive and often meets 
with great difficulties : for when the depth of water is 
8 feet or more, it 1s ſcarcely paflible to make the bata:. 
deaus ſo tight as to preveat the water from oozing 
through them; and in that caſe, the number of engines 
required, as well as the hands to work them, become 
very expenſive; and if part of the batardeau ſhould 
break by ſome extraordinary wind or tide, the work- 
men would be expoled to very great danger. 

Therefore the next and beſt method is to build with 
coffers, when it is practicable, ſuch as were uſed at 
Weſiminſter-bridge. Since Mr. Labely promiſes to give 
a particular account of their conſtruction, and the man- 
ner in which they were uſed, we ſhall here mention 
ſome few things only, referring the reader for a fuller 
deſcription of them to this gentleman's work, a part of 
which has been publiſhed ſince the bridge was finiſhed, 

The height of water was 6 feet at a medium when 
loweſt, and the tide roſe about 10 feet at a medium 
alſo; ſo that the greateſt depth of water was about 16 
feet: at the place where one of the piers of the middle 
or great arch was to be, the work men began to drive 
piles of about 13 or 14 inches ſquare, and 34 feet long, 
ſhod with iron, ſo as to enter into the grave] with more 
eale, and hooped above to prevent their ſplitting in 
driving them; theſe piles were driven as deep as could 
be done, which was 13 or 14 feet below the ſurface ot 
the bed of the river, and 7 feet diſtant from each other, 
3 to the ſhort ends of the pier, and at about 30 

ect diſtant from them; the number of theſe piles was 

34, and their intent to prevent any veſſels or barges 
trom approaching the work; and in order to hinder 
boats from paſſing between them, booms were placed 
{0 as to riſe and fall with the water. _ 
Ke This 
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This being done, the ballaſt-men began to dig the 
foundation under the water, of about 6 feet deep, and 

wider all round than the intended coffer was to be, 
with an eaſy (lope to prevent the ground from falling 
in, In order to prevent the current from waſhing the 
ſand into the pit, ſhort grooved piles were driven be- 
fore the two ends and part of the ſides, not above 4 
feet higher than low-water mark, and about 15 feer 


diſtant from the coffer: between theſe piles, rows of 


boards were let into the grooves down to the bed of 
the river, and fixed there, 


The bottom of the coffer was made of a ſtrong 
grate, conſiſting of two rows of large timbers, the one 


long-ways and the other croſs-ways, bolted together 


with wooden trunnels, ten feet wider than the intend- 
ed foundation. The ſides of the coffer were made of 
fir timbers laid horizontally cloſe one over another, 
pinned with oaken trunnels, and framed together at 
the corners, excepting at the two ſaliant angles, where 
they were ſecured with proper irons; ſo that the one 
half might be looſened from the other, if it ſhould be 
thought neceſſary, Theſe ſides were lined on the in- 
fide as well as or the outſide with three inch planks 
placed vertically : the thickneſs of thoſe ſides was 18 
inches at the bottom, reduced to 15 above, and they 
were 16 feet high; beſides, knee-timbers were bolted 
at the angles, in order to ſecure them in the ſtrongeſt 
manner. The ſides were faſtened to the bottom by 
28 pieces of timber on the outſide, and 18 within, 
called ſtraps, about 8 inches broad, and 3 or 4 inches 
thick, reaching and lapping over the ends of the ſides: 
the lower part of theſe {traps had one ſide cut dove-tail 
faſhion, in order to fit the mortiſes made near the edge 
of the bottom to receive them, and were kept in their 
places by iron wedges; which being drawn out when 


the ſides were to be taken away, gave liberty to clear 


the {traps from the mortiſes, 
Before 


—ä — 


266 PRACTICAL Part IV, 


Before the coffer was launched, the foundation was 
examined, in order to know whether it was level ; for 
which purpoſe ſeveral gauges were made, each of which 
conſiſted of a ſtone of about 15 inches ſquare, and 
thick, with a wooden pole in the middle of about 15 
feet long. The foundation being levelled, and the cof. 
fer fixed directly over the place with cables faſtened 
to the adjacent piles, the maſons laid the firſt courſe 
of the ſtones for the foundation within it; which being 
finiſhed, a ſluice made in the fide was opened near the 
time of low-water; on which the coffer ſunk to the 
bottom; and if it did not ſet level, the fluice was ſhut, 
and the water pumped out, ſo as to make it float till 
ſuch time as the foundation was levelled; then the ma- 
ſons cramp'd the {tones of the firſt courſe, and laid a ſe- 
cond; whieh being likewiſe cramp'd, a third courſe was 
laid: then the fluice being opened again, proper care 
was taken that the coffer ſhould ſettle in its due place. 
The ſtone-work being thus raiſed to within two feet of 
the common low-water mark, about two hours betore 
Jow-water the ſluice was ſhut, and the water pump'd 
out ſo far as that the maſons could lay the next courſe 
of ſtone, which they continued to do till the water was 
riſen fo high as to make it unſafe to proceed any far- 
ther; then they left off the work, and opened the ſluice 
to let in the water: thus they continued to work night 
and day at low-water, till they had carried their work 
ſome feet higher than the low-water mark ; after this 
the ſides of the coffer were looſened from the bottom, 
which made them float, and then were carried aſhore 
to be fixed to another bottom, in order to ſerve for the 
next pier. | 

It muſt be obſerved, that the coffer being no higher 
than 16 feet, which is equal to the greatelt depth of 
water, and the foundation being 6 feet under the bed 
of the river, the coffer was therefore 6 feet under 
water when the tide was in; but being loaded with three 
courſes of ſtones, and well ſecured with ropes faſtened 
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to the piles, it could not move from its place. By 
making it no higher, much labour and expence were 
ſaved; yet it anſwered the intent full as well as if it 
had been high enough to reach above the higheſt flood. 

The pier being thus carried on above low-water 
mark, the maſons finiſhed the reſt of it during the in- 
tervals of the tides in the uſual way: and after all the 
piers and abutments were finiſhed in a like manner, the 
arches were begun and completed as mentioned before. 
The whole bridge was built in about ſeven years, 
without any accidents happening, either in the work 
or to the workmen, which is ſeldom the caſe in works 
of this nature. | 

It may be obſerved, that all the piers were built with 
ſolid Portland ſtone; ſome of them weighed four tons: 
the arch- ſtones were likewiſe of the ſame ſort, but the 
reſt of the maſonry was finiſhed with Kentiſb rag-ſtones; 
and the paths for foot- paſſengers were paved with Pur- 
bec, which is the hardeſt ſtone to be had in this country, 
excepting Plymouth marble. 

This method of building bridges is certainly the ea- 
ſieſt and cheapeſt that can be thought of, but cannot be 
uſed in many caſes : when the foundation is ſo bad as 
not to be depended upon without being piled, or the 
depth of water is very great, with a ſtrong current and 
no tide, I do not ſee how it can then be practiſed : for 
if piles are to be uſed, it will be next to impoſſible to 
cut them off in the ſame level five or ſix feet below the 
bed of the river, notwithſtanding that ſaws have been 
invented for that purpoſe; becauſe, if they are cut off 
ſeparately, it will be a hard matter to do it fo nicely that 
the one ſhall not exceed the other in height; and if this 
is not done, the grating or bottom of the coffer will not 
be equally ſupported, whereby the foundation becomes 
precarious: neither can they be cut off all together; for 
piles are to be driven as far as the bottom of the coffer 
extends, which at Meſtminſter-bridge was 27 feet; the 
ſaw muſt have three feet play, which makes the total 


length 
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length of the ſaw 30 feet: now if either the water i, 
deeper than it is there, or the arches are wider, the ſaw 
muſt ſtill be longer; ſo that I leave the reader to judge 
whether this method be practicable or not, in any ſuch 
like caſes. 

In a great depth of water that has a ſtrong current 
and no tide, the coffers mult reach above the water, 
which makes them very expenſive, and unwieldy to 
manage, as well as very difficult to be ſecured in their 
places, and kept ſteady : ſo that there is no probability 
of uſing them in ſuch a caſe. 

In ſome caſes, when there 15 a great depth of water, 
and the bed of the river is tolerably level, or can be 
made ſo by any contrivance, a very ſtrong frame of 
timber, about four times as large as the baſe of the piers, 
may be let down with ſtones upon it round the edges 
to make it fink. After fixing it level, piles muſt be 
driven about it to keep it in its place; and then the 
foundation may be laid in coffers as before, which are 
to be kept ſteady by means of ropes tied to the piles. 

This method has frequently been uſed in Ruſſia, as | 
have been aſſured by a gentleman who has ſeen it, 
Though the bed of the river is not very ſolid, yet 
ſuch a grate, when once well ſettled with the weight of 
the pier upon it, will be as firm as if piles had been 
driven under the foundation; but to prevent the water 
from gulling under the foundation, and to ſecure it 
againſt all accidents, a row of dove: tail piles muſt be 
driven quite round the grating: this precaution being 
taken, the foundation will be as ſecure as any that can 
be made. 6 

The French engineers make uſe of another method 
in raiſing the foundations of maſonry under water; 
which is, to drive a row of piles round the intended 
place, nearer to, or farther from each other, according 
as the water is more deep or ſhallow : theſe piles, being 
ſtrongly bound together in ſeveral places with horizon- 
tal tie-beams, ſerve to ſupport a row of dove: tail piles 
driven 
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driven within them: when this is done, and all well 
ſecured, according to the nature of the ſituation and 
circumſtances, they dig the foundation by means of a 
machine with ſcoops, invented for that purpoſe, until 
they come to a ſolid bed of gravel or clay; or if the 
bed of the river is of a ſoft conſiſtence to a great depth, 
it is dug only to about 6 feet, and a grate of timber is 
laid upon it, which is well ſecured with piles driven 
into the oppoſite corners of each ſquare, not minding 
whether they exceed the upper ſurface of the grate 
much or little. | 

When the foundation is thus prepared, they make a 
kind of mortar called beton, which conſiſts of twelve 
parts of pozolano or Dutch terrafs, fix of good ſand, 
nine of unſlaked lime the beſt that can be had, thir- 
teen of ſtone ſphnters not excecding the bignels of - an 
egg, and three parts of tile-duſt, or cinders, or elſe 
ſcales of iron out of a forge : this being weil worked 
together, mult be left ſtanding for about 24 hours, or 
till it becomes ſo hard as not to be feparated without a 
pick- axe. 

This mortar being thus prepared, they throw into 
the coffer a bed of ubble ſtont not very large, and ſpread 
them all over the bottom as nearly level as they can; 
then they ſink a box full of this hard mortar, broken 
into pieces, till it comes within a little of the bottom: 
the box is ſo contrived as to be overſet or turned upſide 
down at any depth; which being done, the pieces of 
mortar ſoften, and fo fill up the vacant ſpaces between 
the ſtones. By theſe means they fink as much of it as 
will form a bed of about twelve inches deep all over : 
then they throw in another bed of ſtone, and continue 
alternately to throw one of mortar and one of ſtone, 
till the work approaches near the ſurface of the water, 
where it is levelled, and then the reſt is finiſhed with 
ſtones in the uſual manner. 
Mr. Belidor ſays, in the ſecond part of his Hydraulics, 
vol. ii. pag. 188, that Mr, Mele? de Montville _— 
| 6 ed 
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filled a coffer containing 27 cubic feet with maſonry 
made of this mortar, and ſunk it into the ſea, it waz 
there left ſtanding for two months; and when it wa; 
taken out again, it was harder than ſtone itſelf. Where 
ſuch mortar can be made, this method has certainly the 
advantage over all the others, not only in building the 
piers of bridges over deep rivers, but likewiſe in mak- 
ing piers for harbours, and in all other aquatic works; 
but before it is made uſe of, I would adviſe the engi. 
neer to. make firſt a trial of his mortar, ſince works of 
this nature are of too great conſequence to be carried 
on without an abſolute certainty of ſucceſs. 

We have hitherto mentioned ſuch ſituations only 
where the ground is of a ſoft nature; but where it is 
rocky and uneven, all the former methods prove inef. 
fectual; nor indeed has there yet been any one propoſed 
that I know of which might be uſed upon ſuch an oc- 
caſion, eſpecially in a great depth of water; but as an 
engineer ought to know how to proceed upon all oc- 
caſions, we ſhall] therefore mention ſome few obſerva« 
tions under this head. When the water is not ſo deep 
but that the unevenneſs of the rock can be perceived 
by the eye, piles ſtrongly ſhod with iron may be raiſed 
and let fall down by means of a machine upon the 
higher parts, ſo as to break them off piece by piece, 
till the foundation is tolerably even, eſpecially when 
the rock is not very hard; which being done either 
this or any other way that can be thought of, a coffer 
15 made without any bottom, which 1s let down and 
well ſecured, ſo as not to move from its place. To 
make it ſink, heavy ſtones ſhould be fixed on the out- 
ſide; then ſtrong mortar and ſtones muſt be thrown 
into it; and if the foundation is once brought to a 
level, large hewn ftones may be let down, ſo as to lie 
flat and even: by theſe means the work may be car- 
ried on quite up to the ſurface ↄf the water. 

But when the water is ſo deep, or the rock ſo hard, 
as not to be levelled, the foundation mult be 7 
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ſo as to get nearly the riſings and fallings; then the 
lower part of the coffer mult be cut nearly in the ſame 
manner, and the reſt finiſhed as before. It muſt how- 
ever be obſcrved, that we ſuppole a poſſibility of ſink- 
ing a coffer; but where this cannot be done, no me- 
thod that I know of will anſwer: and therefore I leave 
it to the judgment and knowledge of the engineer em- 
ployed upon ſuch an occaſion, in what manner he is to 
proceed, ; 

Among the aquatic buildings of the ancients none 
appear to have been more magnificent than Trajau's 
bridge. Dion Caſſius gives the following account of 
it: Trajan built a bridge over the Danube, which in 
truth one cannot ſufficiently admire ; for though all 
te the works of Trajan are very magnificent, yet this 
« far exceeds all the others. The piers were 20 in 
© number, of {quare ſtone; each of them 150 feet high 
% above the foundation, 60 feet in breadth, and diſtant 
“from one another 170 feet. Though the Expence of 
* this work muſt have been exceeding great, yet it be- 
© comes more extraordinary by the river's being very 
e rapid, and its bottom of a ſoft nature: where the 
bridge was built, was the narroweſt part of the river 
e thereabout, for in moſt others it is double or treble 
* this breadth; and although on this account it became 
* {o much the deeper and the more rapid, yet no other 
* place was fo ſuitable for this undertaking. - The 
% arches were afterwards broken down by Adrian; but 
the piers are ſtill remaining, which ſeem as it were 
eto teſtify, that there is nothing which human inge- 
© nuity is not able to effect.“ The whole length then 
of this bridge was 1590 yards; ſome authors add, that 
it was built in one ſummer, and that Apollodorus of 
Damaſcus was the architect, who left behind him a de- 
| ſcription of this great work. It is a great loſs to the world 
that his deſcription has not come down to us, ſince it 
would have ſhewn both how theſe works were carried on 

tormerly, 
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* formerly, 2d how far modern builders are inferior 
the ancients. \ & 
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of HARBO URS. 


HE — and incloſing harbours with pie. 
ſo as to reliſt the wind and waves for the preſ- 
vation of ſhips in ſtormy weather, is one of the m. 
uſeful and neceflary works that can be made in a tra 
ing nation, fince the ſecurity of their wealth and pov 
depends greatly upon it; for many ſhips have be 
calt away, and the — of many people loſt, for wa 
of a ſecure harbour, which might have been ſaved 1 
a moderate ſum of money, had it been properly a 
hed, i} | q 
g Though engineers are not generally employed he 
in Englang in ſuch kind of works, yet it is prope 
their buſeſs z this may perhaps rather be owing 
their want of ſkill in them, than to any thing elſe. 5 
ſince fortreſſes are generally built near the ſea or na 
gable rivers; for the ſecurity of trade, and this cant 
be ſecured without building ſafe harbours; theref 
it ought to be the particular ſtudy of every young 
gineer, who is deſirous of being uſeful to his count 
or of diſtinguiſhing himſelf, to make himſelf maſter 
this branch * buſineſs. 
As it ſeldom happens that ſuch works are ried 
at home, he ſhould attentively examine thoſe harboi 
already executed, both at home and abroad, and ta 
notice of their figure, ſituation, entrance, wind a 
tide, whether the ſhips can go in with ſafety in fc 
weather, and out when favourable z whether it wol 
have been better if the entrance had been made cl 
where; Whether the piers are ſtrong and ſolid, 
want often to be repaired, and in general 4 ˖ 
harbc 
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arbour anſwers in every reſpect the intention for which 
was builr. 

He ought to get information from the inhabitants, 
Sorkmen, or the builder himſelf, if he is alive; to 
now the reaſons for making it of that figure, why the 

trance is placed in that ſituation, how the founda- 

ons were laid, what accidents happened, how long it 
Was in building, what number of hands were employ- 
N, and what the expences have been. 
8 Having thus examined as many harbours as he could 
Jonveniently ſee, and having made himſelf acquainted 
Fitch the manner of their building, he will be able to 

dge, when a new one is propoſed, whether the ſitua- 
Yon is proper or not, and how it may be executed in 
We beſt and ſecureſt manner, together with what the 

pences would nearly come to. 
But before a young engineer enters upon practice, 
e ſhould have a proper knowlege of the mathema- 
ies, eſpecially of that part which treats of the mecha- 
Pical powers and hydraulics, in order to know in what 
Manner engines are conſtructed and applied to the ſe- 
Feral uſes they are intended for: this he may obtain 
Sy conſulting thoſe authors who have written upon 
them, and by examining the engines themſelves, to 
ee if they anſwer the intention, or whether they might 
Hot be improved; or elſe, if others could not be in- 
Fented of a different form, which would be more ſim- 
Ple, and more expeditious, 
la order to aſſiſt beginners, we ſhall ſet down here 
he principal enquiries to be made before a harbour is 
Executed, the manner of laying the foundation, and 
mow the works are to be carried on moſt ſecurely, in 
the plaineſt and eaſieſt manner that we could think of, 
and which has been approved of by moſt authors who 
have treated of this ſubject. | | 
The firſt thing to be conſidered is the ſituation, 
which may be ſome large creek or baſon of water, in 
or near the place where the harbour is intended to be 
1 + þ made, 
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made, or at the entrance of a large river, or near the 
ſea; for a harbour ſhould never be dug entirely out of 
dry land, unleſs upon ſome extraordinary occaſions, . 
where it is impoſſible to do otherwiſe, and yet a har- 


bour is abſolutely neceſſary. When a proper place 


13 


found, before it is fixed upon, it muſt be conlidered, 
whether ſhips can he there ſafe in ſtormy weather, eſ- 
pecially when thoſe winds blow which are moſt danger. 
ous upon that coaſt ; whether there be any hills, riſing 
ground, or high buildings that will cover it: in theſe 
caſes the ſituation is very proper; but if there be no- 
thing already that will cover the ſhips, it mult be ob- 
ſerved, whether any covering can be made at a mode- 


rate expence, otherwiſe it would be uſeleſs to build 
harbour there. 


2 


The next thing to be conſidered is, whether there be 


a ſufficient depth of water for large ſhips to enter wi 


th 


ſafety, and he there without touching the ground, and 
if not, whether the entrance and inſide might not be 
made deeper at a moderate expence; or in caſe a ſuffi- 
cient depth of water 1s not to be had for large ſhips, 
whether the harbour would not be uſeful for ſmall mer- 


chantmen ; for ſuch a one is often of great advanta 


YC 


when ſituated upon a coaſt much frequented by ſmall 


coaſting veſſels. 
The place where the entrance is to be made ought 


to 


be well conlidered ; it ought to be ſuch that the ſhips 
may enter in foul weather and go out when fair: for 
though ſhips may enter when in diſtrefs, yet if they 
cannot go out when the wind 1s fair to purſue their 


voyage, and not to loſe their market, ſuch a harbour 


would not anſwer the end for which it was deſigned. 
It is therefore neceſſary to conſider well the current, 
tide, and winds, as alſo the banks of ſand near about 
it; and to conſult the maſters of ſhips as well as the 
pilots who live.thereabout, or frequent the coaſts : they 
are better judges where the entrance ſhould be than any 


body elſe; but if it ſhould happen that they are divid 


ed 
in 
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in their opinions, as it often is the caſe; it will be 


prudent not to determine the ſituation of the entrance 
till part of the piers ate built, and ſufficient obſerva- 
tions made, where it will be moſt convenient; 

When a ſituation has been found that has all or moſt 
of theſe requiſite advantages, an enquiry is to be made 
concerning the materials to be uſed in building the 
piers, where they are to be had, if upon the ſport, near 
at hand; or when at a diſtance, whether they are to be 
brought by land or water-carriage, or partly one way 
and partly the other; their prime coſt muſt be known, 
the expence for bringing them to the ſpot, the time re- 
quired, and the expence of the workmanſhip to make 
them ready for uſe, 

All thele preparative enquiries being made, the form 
or figure of the harbour muſt be determined in ſuch a 
manner that the ſhips which come in when it is ſtormy 
weather may he ſafe, and ſo as there may be ſufficient 
room for as many as paſs that way: the depths of water 
where the piers are to be built, muſt be taken at every 
ten, fifteen, or twenty feet diſtance, and marked upon 
piles driven here and there, in order that the workmen 
may be directed in lay ing the foundation. 

This being done, it muſt be conſidered what kind of 
materials are to be uſed, whether ſtone, brick, or wood: 
when ſtones are to be had at any moderate price, they 
ought to be preferred, becauſe the work will be much 
ſtronger, more laſting, and need fewer repairs than if 
made with any other materials; but when ſtones are 
icarce, and the expence becomes greater than what is 
allowed for building the harbour, the foundation may 
be made of ſtone as high as low-water mark, and the 
reſt finiſhed with brick. If this manner of building 
ſhould till be too expenſive, wood mult be uſed; that 
is, piles are driven as cloſe as is thought neceſſary, 
which being faſtened together by croſs- bars, and cover- 
ed with ſtrong oaken planks, form a kind of coffer, 


which is filled with all kinds of ſtones, chalk, and 
hs T 2 mingles, 
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ſhingles, as will be explained more at large hereafter. 

1 be materials being fixed upon, an eſtimate is made 
of the expences; the number of hands to be employed 
at a time 1s determined, ſo as they may conveniently 
work without interfering with one another; and from 
thence it may be nearly computed what time will be 
required tor completing the whole work. 

The manner of laying the foundation in different 
depths of water, and in various foils, requires particu- 
lar methods to be followed : when the water is very 
deep, the French throw in a great quantity of ſtones at 
random, ſo as to form a much larger baſe than would 
be required upon dry land; this they continue to within 
3 or 4 feet of the ſurface of the water, where they lay 
the ſtones in a regular manner, till the foundation is 
raiſed above the water: they then lay a great weight 
of ſtones upon it, and let ir ſtand during the winter to 
jettle, as likewile to ſee whether it is firm, and reſiſts 
the force of the waves and winds ; after that they 
finiſn the ſuperſtructure with large ſtones in the uſual 
manner. 

As this method requires a great quantity of ſtones, 
it can be practiſed bur in a few places, where ſtones are 
in plenty: and therefore the following one is much 
preterable. A coffer is made with dovetail piles of 
about go yards long, and as wide as the thickneſs of 
the foundation is to be; then the ground is dug and 
levelled in the manner deſcribed in the laſt ſection; 
and the wall is built with Beton mortar, as has been 
deſcribed in the ſame ſection. 

As ſoon as the wortar is tolerably dry, thoſe piles 
at the end of the wall are drawn out, the fide rows are 
continued to about 30 yards farther, and the end in- 
cloſed; then the foundation is cleared, and the ſtones 
laid as before. But it muſt be obſerved, that the end 
of the toundation finiſhed is left rough, in order that 
the part next to it may incorporate with it in a proper 
manner; bur if it is not very dry it will incline that 

| I way 
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way of itſelf, and bind with the mortar that is thrown 
in next to it; this method is continued till the whole 
pier is entirely finiſhed. 

It muſt likewiſe be obſerved, that the piers are not 
made of one continued ſolid wall, becauſe in deep 
water it would be too expenſive; for which reaſon, 
two walls are built parallel to each other, and the in- 
terval between them is filled up with ſhingle, chalk, (| 
and ſtone, As theſe walls are in danger of being thruſt Ut 
out or overſet, by the corps in the middle, together 4/441 
with the great weight Jaid at times on the pier, they th | 
are tied or bound together by croſs-walls at every 30 i 
or 40 yards diſtance, by which they will ſupport each 1 
other in a firm and ſtrong manner. For want of theſe 
croſs-walls it has happened, not many years ago, that 
dhe walls of a work were overſet for the ſpace of ſome _— 
hundred yards. | | 
| If ſuch mortar can be made as what the French call 
Beton, there can ſcarcely be found a better method 
chan that above for laying foundations in deep water, 

and it may be uſed upon all occaſions; but as ſuch 48 
mortar 1s not every where to be had without great ex- 1 
pences, I imagine that common terraſs mortar, mixt | {+818 
with ſmall ſtones, and ſome cinders if to be had, will 11 
anſwer the purpoſe as well; but the engineer, who is 11 
to carry on the work, ought to make trial of it before 1584 
he uſes it. 1 
If the foundation be bad to a great depth, I would | 
fink it only about 4 feet below the bed. of the river, 
and lay a ſtrong grate of timber, as in thoſe of the 
piers of a bridge; but if it ſhould be rocky, a coffer 
muſt be made without a bottom, and the under part 14 
cut nearly with the ſame riſings and fallings, according 1 
to the manner mentioned in the laſt ſection. 
In a country where there is a great plenty of ſtones, . 
piles may be driven in as deep as they will go, at about 14 
two or three feet diſtance, and when the foundation is Wh 
ſunk and levelled, large ſtones may be let down, which 115 
1 Will | 
| | 
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will bed themſelves ; but care muſt be taken to lay 
them cloſe, and ſo as to have no two joints over each 
other; and when the wall is come within reach, the 
ſtanes muſt be crampt together. 

Another method practiſed, is to build in coffers much 
after the ſame manner as has been done in building the 
piers of Meſtminſter-bridge; but as in this caſe the ends 
of the coffers are left in the wall, and prevent their 
joining ſo well as to be water-tight, the water that pe- 
netrates through and enters into the corps, may occa- 
ſion the wall to burſt and to tumble down. Another 
inconveniency ariſing from this manner of building 1s, 
that as there are but few places without worms, which 
will deſtroy wood wherever they can find it, by their 
means the water 1s let into the pier, and conſequently 
makes the work liable to the ſame accident as has been 
mentioned above. 

To prevent the inconveniencies of this method, I 
wood take the wood away, and joggle the ends of the 
walls together with large ſtones, and pour terraſs mor- 
tar into the joints: when this is done, the water be- 
tween the two walls may be pumpt out, and the void 
{pace filled up with ſtone and ſhingle as uſual; or, if 
theſe joggles cannot be made water-tight, ſome dove- 
tail piles muſt be driven at each end as cloſe to the wall 
as can be done, and a ſtrong ſail- cloth put on the out- 
ſide of them, which, when the water is pumpt out, will 
ſtick ſo cloſe to the piles and wall, that no water can 
come in. This method is commonly uſed in Ruſſia, 

as I have been informed, 

Plate XXV. In order to underſtand clearly the me- 
thod of building piers, we have given the plan and 
ſection of one of the walls, in the firſt figure, ſuch as 
had been propoſed for incloſing a harbour, upon a 
chalky foundation: the water is but 6 feet high when 
loweſt, and riſes to 24 when the tide is in. The man- 
ner propoſed far building the piers, was to dig the foun- 
dation about two feet deep, which is ſufficient for ſuch 


2 


* 2 


a ground, 8 
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a ground, and to fink large blocks of ſtone of about 
3 feet high, which could have eaſily been crampt to- 
gether at 3 or 4 feet under water; then to lay another 
courſe of large ſtones over the firſt, and ro cramp 
them as before; the ſame thing was to be done, till 
the wall was carried about two feet above low-water 
mark : or if this method of laying the foundation was 


not approved of, to lay it in coffers in the manner 


mentioned above, 

It was faid, that the funds allowed for building the 
harbour were not ſufficient to make the piers entirely 
of ſtone; for which reaſon, the reſt was to have been 
continued with hard bricks, ſuch as are called clinkers, 
to about 8 feet high; then a courſe of ſtones was to be 
laid of a foot high and crampt together; after this 
bricks were to be laid again ro the ſame height as be- 
fore, and then another courſe of ſtone; this was to 
have been continued quite up to the entire completion 
of the pier. 

The ſtone foundation being 8 feet high, that is from 
two feet under the bed of the water to low- water mark, 
and from thence to#*the top being 23 feet; therefore 
the inſide wall is five feet higher than high-water mark: 
and as the outſide wall has a parapet of ; feet high, and 
3 or 4 thick: this wall is ten feet higher than the wa- 
ter when the tide is in; which height was thought ne- 
ceſſary, in order to cover the people ſtanding there, 
from the water, becauſe the waves riſe very high in that 
place, at certain times of the year. 

The walls were to be 28 feet diſtant from each other; 
five feet thick above, and the baſe of the ſlope one fifth 
of the height ; which would have made the thickneſs 
of the piers 34 feet above, beſides the parapet, which 
takes up 4, and go near the bottom of the water. At 
every 30 feet diſtance was to be made a croſs or tie-wall, 
of three feet thick, to bind the two walls together; 
this diſtance may be greater near the ſhore, where the 
waves have not ſo great a wm as farther from it; and 
4 to 
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to ſave trouble as well as expences, theſe croſs- walls 
were to be built with low arches upon piers of tour 
feet long, beginning at low-water mark, as may be 
ſeen in the plan and ſection. 

The thickneſs of a pier depends on two conſidera. 
tions; it ought to be both ſuch as may be able to reſiſt 
the ſhock of the waves in ſtormy weather, and allo to 
be of a ſufficient breadth above, that ſhips may be laden 
or unladen whenever it is thought neceſſary. Now 
becauſe the ſpecific gravity of ſea-water is about one 
half that of brick, and as 2 to 5 in compariſon of 
None, and ſince the preſſure of ſtagnated water againſt 
any ſurface is equal to the weight of a priſm of water 
whoſe altitude is the length of that ſurface, and whoſe 
baſe is a right angled iſoſceles triangle, each of the 
equal ſides being equal to the depth of the water, therc- 
fore a pier built with bricks, whoſe thickneſs is equal 
to the depth of the water, will wei igh about four times 
as much as the preſſure of water againſt i it: and one of 
ſtone of the ſame breadth, about 6 rimes and a quarter 
as much. Now this 1s not the force to be conſidered, 
ſince this preſſure is the ſame within as without the 
pier; but it is that force with which the waves ſtrike 
againſt the piers, and that depends on the weight and 
velocity of the waves, which can hardly be determined, 
becauſe they vary according to the different depths of 
water, the diſtance from the ſhore, and according to 
the tides, winds, and other cauſes. Conſequently the 
proper thickneſs of the piers cannot be determined by 
any other means than by experience. 

Practitioners ſuppoſe, that if the thickneſs of a pier 
is equal to the depth of the water, it is ſufficient; but 
for a greater ſecurity they allow 2, 3, or 4 feet more: 
this might probably do, if piers were built with ſolid 
ſtones crampt together; but as this is hardly ever the 

caſe, and on the contrary, as the inſide is filled up 


with ſhingle, chalk, or other looſe materials, their 


rule is not to be depended upon: beſides, it makes the 
ſpace 
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ſpace above too narrow, for lading and unlading the 
ſhips, unleſs in a great depth of water; fo that it does 
not appear that their method can be followed exceptin 
in a very few caſes, where the water has but very little 
motion. | 

The reader will eafily perceive, that the plan and 
ſection repreſented. in this plate may ſerve for a pier 
built either of all ſtone or brick, or elſe with both mixt 
together ; by obſerving only to make the walls ſome- 
thing ſtronger when they are made with bricks, than 
when of ſtone, When ſtones can be had, no other ma- 
terials ſhould be uſed, becauſe they being of a larger 
bulk than brick, will reſiſt better the waves by their 
own weight, till ſuch time as the mortar is grown hard; 
for after this is effected, brick will reſiſt better againſt 
the action of ſea-water than ſoft ſtones. 

The wall muſt be built with terraſs mortar from the 
bottom to the height of low-water mark, and the reſt 
finiſhed with cinder or tile-duſt mortar, which has been 
found ſufficiently good in thoſe places where the wall is 
wet and dry alternately. The upper part of the pier 
ſhould be paved. with flat hewn ſtones laid in ſtrong 
mortar, in order to prevent any water from penetrating 
into the pier : iron rings ought alſo to be fixed here 
and there at proper diſtances, to faſten the ſhips, and 
prevent them from ſtriking againſt the pier when agi- 
tated by the waves. | | 

Atthe mouth of the harbour the piers ſhould be ter- 
minated with platforms, or forts, to place guns there, in 
order to defend the entrance, in caſe of neceſſity. Some- 
times piers are built ſo large as to place ſtorehouſes 
upon them, eſpecially in ſea port towns where fleets 
are fitted out : this has been done at Toulon, about the 
harbour of the royal navy, whereby the ſhips are co- 
vered from the wind, as well as from being ſeen from 
without; ſo that a fleet may be fitted out in a private 


manner. 
Wooden 
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Wooden fenders or piles ſhould be driven at the in- 
* fide, cloſe to the wall, and crampt to it with iron, to 
prevent the ſhips from touching them, and from being 
worn by their continual motion. Where the ſea breaks 
againſt the piers with great violence, breakers ſhould 
be made at proper diſtances; that is, two rows of piles 
are driven nearly at right angles to the piers for the 
length of about 12 or 15 feet, and at about 8 or 16 
Feet diſtant from each other; and then another to join 
the two former: theſe piles being covered with planks, 
and the inſide being filled with ſhingle and rubble- 
ſtones, then the top is paved with ſtones of about a foot 
in length, ſet long-ways to prevent the waves from 
rearing them up. This precaution 15s abſolutely neceſſary 
where the water ruſhes in very ſtrongly. 

The ſection repreſented here, contains 1035.6 cubic 
feet of maſonry, for every foot in length, and 834 cu- 
bic feet of rubbiſh or ſhingle to fill up the inſide; ſo 
that knowing the length of the piers, and the price of 
the materials and workmanſhip, the whole expence for 
building the piers will be eaſily known; barring acci- 
dents, Which unavoidably will happen in all works of 
this kind, and for which the French generally allow one 
ſixth rc of the expences computed, 

When it happens that ſtones are not to be had, with- 
out great expence, or the importahce of the harbour is 
not much; then piers are built with timber, ſuch as 
that at Dover, and in many other places. The plan 
and ſection repreſented by the ſecond figure may in ſuch 
a caſe be aptly applied; the breadth above of the ſec- 
tion is 30 feet, the baſe of the flope of the outward piles 
one ſixth part of the height, which is here the ſame as 
in the former ſection, that is, 29 or 30 feet: the piles 
are about 14 inches ſquare; the croſs-beams à from 10 
ro 12, and the tie-beams þ 8 by 10. Thele frames are 
from 12 to 15 feet diſtant from each other, and three 

iles are to be driven between them, as may be ſeen by 
the plan; there are beſides two rows of ſhort piles ” 
ECAC 
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each ſide of the pier, five feet diſtant from the long 
ones; and which reach no higher than low- water mark. 

The reaſon for driving theſe ſhort piles is, that being 
always under water they will not decay, and nothin 
will hurt them, excepting worms; ſo that when the long 
ones, which are expoſed to wet and dry, are decayed, 
the foundation remains ſound and firm; by which 
means it will be eaſy to repair that part of the pier above 
low- water mark, whenever there is any occaſion for it. 
And to ſecure the foundation ſtill better, dovetail piles 
of about 6 inches thick, are to be driven all round, 
and ſtrongly faſtened together with timbers, one above 
to receive the heads, and others on the outſide, 

The ſides of the piers are to be covered with good 
oaken planks of about 4 or ; inches thick, faſtened to 
the tie-beams 5, with wooden trunnels ; or elſe, theſe 
planks may be placed on the infide:of the tie-beams 5, 


which, in my opinion, is better, becauſe the preſſure of 


the ſhingle and rubble-ſtones with which the infide of 
the pier is filled, will not be able to looſen the planks, 
as it might do, when they are faſtened on the outſide. 
It is ſaid, that when the planks are faſtened on the 
inſide, they cannot be eaſily repaired when there is oc- 
caſion for it: but this objection is inconſiderable, in re- 
ſpe& to the advantage ariſing from this poſition; for 
the rotten plank being taken away, a new one may ea- 
ſily be flipped into it's place, between the tie-beams 3, 
and the ſhingle : and if they cannot be faſtened with 
wooden trunnels, it may be done with iron nails. The 
planks muſt reach about 4 feet above the upper ſurface 
of the pier, and be ſecured with proper timbers, ſo as 
to form a kind of parapet on each fide, in order to pre- 
vent the people, ſtanding there, from being wetted by 
the waves in ſtormy weather. | 
This frame is the moſt fimple, and the moſt natural 
that we could think of; and yet as ſtrong in my opi- 
nion as can be deſired to reſiſt the action of the waves, 
let them be ever ſo great: it is true, that moſt of the 
5 workmen 
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workmen will think it inſufficient, as having no braces, 
df which they are ſo fond, that they think no work 
well ſecured without them; but, as I do not eſteem 
them neceſſary, I have omitted them here. 

In thoſe wooden piers I have ſeen, there was no baſe 
made with ſhort piles, ſuch as are repreſented in the 
ſecond figure; for the long piles reached from the top to 
the bottom, and no dovetail piles were driven to ſecure 
the foundation, as far as I could find; but ſince ſuch 
works ought to be made in the moſt ſecure manner, 
and ſo as not to want continual repairing, I would ad- 
viſe the directors of them, to conſider well the nature of 
the ſituation, as well as the importance of the harbour, 
before they form a ſcheme for building the piers. 

What has been ſaid here in regard to the building of 
piers for harbours will equally ſerve for that of quays, 
and all other works made in water; it muſt only be ob- 
ſerved, that as quays are often loaded with very great 
weights, the wall muſt be made much ſtronger than 
thoſe of ramparts, which ſupport the preſſure of earth 
only. But to give ſome rule whereby the reader ma 
be directed, I imagine thar, if the thickneſs be treble 
that of the wall of a rampart of the ſame height, it will 
be ſufficient: thus if the height of the quay be 10 feet, 
and the baſe of the ſlope one-ſixth of the height; by 
trebling the height 1.5 feet, found in table the firſt for 
the thickneſs above of a wall of the ſame height, we 
get 4.5 feet for the thickneſs above of the ſaid wall. To 
4 — theſe walls yet better, piles are driven on the in- 
ſide, about 20 feet diſtant from the wall, and about 15 
feet from each other; the heads of which are tenoned 
into a beam, and others laid acroſs are let into this 
beam at one end, and at the other going through the 
wall are fixed to the fenders on the outſide with iron 
ſtraps bolted into theſe beams, 
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Sect. 3. FORTIFICATION. fg 


* QT t. 
Of SLUICES and AQUEDUCTS. 


OLU ICEs are made for various purpoſes ; ſuch as 

to make rivers navigable; to join one river to ano- 
ther, which is higher or lower, by means of a canal; 
to raiſe inundations upon particular occalions, or to 
drain ſpots of ground that are overflown by high tides : 
they are alſo made in fortreſſes, to keep up the water 


in one part of the ditches whilſt the other is dry; and 


to raiſe an inundation about the place when there is 
any apprehenſion of being attacked. | 

Sluices are made different ways, according to the 
uſes they are intended for; when they ſerve for naviga- 
tion, they are ſhut with two gates preſenting an angle 
towards the ſtream : when they are made near the ſea 
two pair of gates are made, the one to keep the water 
out and the other in, according as occaſion requires 
in this caſe, the gatey towards the ſea preſent an angle 
that way, and the others the contrary way; the ſpace 
incloſed by theſe gates is called Chamber, 

When fluices are made in the ditches of a fortreſs 
to keep up the water in lome parts, inſtead of gates, 
ſhutters are made, to as to ſlide up and down in grooves; 
and when they are made to raiſe an inundation, they 
are then ſhut by means of !quare timbers let down into 
culliſes, ſo as to lie cloſe and firm. | 

Particular care mult: be taken in the building of a 
fluice, to lay the foundation in the tecureft manner that 
is poſſible ; to lay the timber gratcs and floors in ſuch 
a manner that- the water cannot penetrate through 
any part, otherwiſe it will undermine the work, and 
blow it up, as it has ſometimes happened: Laſtly, to 
make the gates of a DOroper ſtrength, in order to ſup- 

port 
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port the preſſure of the water, and yet to uſe no more 
timber than what is neceſſary. 

As a general conſtruction is much preferable to par- 
ticular ones, we ſhall follow the example of Mr. Belidor, 


who is the firſt that gave one for ſluices; but before 


this can be done, it is neceſſary to know its width, and 
the depth of water it is to contain, and from thence the 
dimenſions of the ſeveral parts are determined, as will 
be ſhewn hereafter, 

When fluices are made in a canal, or navigable river, 
their width will be known from the ſize of the veſſels 
that are to paſs: through them, as well as the depth of 
water they require; when they are made in a fortreſs 
to pen up the water in one part, and to keep the other 
dry, their width is determined by the quantity of water 
that is to paſs through them in a certain time; when 
they are near the ſea, or a river where there is a tide, 
and they are to keep up the water at a certain height, 
their width and depth are alſo determined from the na- 
ture of the ſituation; and in general, the width and 
depth of a ſluice is always known from its ſituation, 
and the uſe it is intended for. 

This being premiſed, we ſhall give a general con- 
ſtruction of a great ſluice with two pair of gates, in 
ſuch a manner as to be applicable to any particular caſe, 
provided a proper allowance be made for the various 
circumſtances that may happen, in regard to their uſe 
and ſituations, which may change ſome of the parts, 
as ſhall be mentioned in its proper place. 


To conſtruct the PLAN of a SLUICE, 


Plate XXVI. Suppoſe half the width OC to be di- 
vided into ſix equal parts, or the whole into twelve; 
theſe parts ſerve for a ſcale, whereby the dimenſions of 
the work are determined : through the point O, draw 
the line AB at right angles to OC; take OB on one 
fide of the point O equal to 30 of theſe parts, or, which 
is the lame, equal to two widths and a quarter; through 

| the 


* 
„ ee -& Wm mm et ZI 


Set. 33 FORTIFICATLON. 299 


the points A, B, draw the lines A R, BS, at right an- 
gles to A B; let the lines paſſing through the point C, 

and parallel to AB, meet theſe laſt lines in M, Q; 
then if MN, PQ be taken each equal to ꝗ parts, and 
each of the lines MR, Q., equal to ſix, the lines NR 
and PS will determine the wings of the ſluice, and 

NP the body. If the lines A R, BS, be produced ſo 
as the parts RV, ST are each 6; they will determine 
the faces. | : 

The part BO of the length exceeds. the other part 
OA by one fourth of the width, becauſe we ſuppoſe 
a turning bridge is to be placed on that ſide for a com- 
munication from one ſide of the ſluice to the other; 
but when there is no occaſion for ſuch a bridge, O B. is 
made no longer than OA; and then the total length 
will be but four times and a half the width, which is 
eſteemed by Mr. Belidar the beſt length that can be 
given to a great ſluice. 

To determine the chamber and the poſition of the 
gan take OD, OL, each equal to four parts, and Us 

dtaw the lines DG, LH, parallel to OC; then if the Wl 
lines GK, HI, be drawn ſo as to make the angles 6 
DGK, LHI, each pf 35 degrees, and 16 minutes, 1 
that poſition will be the beſt that can be given, by 1 
art. 540 of our Elements of Mathematics ; or, becauſe a 10 
linear conſtruction is preferable to that by angles, the by 
poſition of the lines GK, HI, is determined in the wa 
lame manner as the line AE in fig. 7, plate the fifth, 
page 88, of this work. 11 

The cavities 2, y, are a foot each way in large fluices, PR 
and but 9 inches in middling ones; they ſerve for let- 
ting down ſquare timbers to form a hatardeau on each {| 
fide, in caſe the gates or floor want to be repaired. ql 

The receſſes Ga, H &, in the wall, are made to re- 
ceive the gates when open, and are of ſuch a depth 
that they may be fluſh with the wall, and not make 
that part narrower than the reſt of the [luice, 


The. 
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The thickneſs of the wall from N to P is equal to 
four · fifths of the depth of water, the parts RNR, PS, 


three-fifths; and at V, T, two-fifths. The counterfort 


W, is determined by producing the lines LH, DG, 
and projects beyond the wall * one-fourth of the width 
of the ſluice. 


OBSERVATIONS on the Cos TRUCTION. 


As we differ in ſome parts of our conſtruction from 
that given by Mr. Belidor, it will not be improper to 
acquaint the reader with the reaſons that have induced 
us to do ſo. Firſt, We made the length LD, equal to 
8 parts inſtead of 7, to avoid a ſubdiviſion of parts; the 
difference of one part being immaterial. 2. According 


to our conſtruction, the length GK of the gates comes 


out to be 7.34 parts nearly; and as Mr. Belidor makes 
the lines DK one-fifth of the width, the length of his 
gates is 6.46 parts nearly; but as our conſtruction gives 
the moſt advantageous poſition, and that of Mr. Belidor's 
depends on no ſubſtantial reaſons, we imagine that the 
dip ion here given is preferable to his. It is true, 


he has endeavoured to prove that his poſition is that 


which the gates ought to have, but all his reaſoning is 
grounded upon wrong ſuppoſitions; beſides, as the 
length of our gates does not differ above 38 inches in 
the largeſt ſluĩce that is made, from the length he gives, 
we imagine that this difference is more than recom- 
penced by the true poſition. 3. Mr. Belidor makes the 
lines MR, Qs, 7 parts inſtead of 6, which difference 
is very little. 

As to the thickneſs of the ſide-walls, Mr. Belidor 
makes it equal to the depth of water in the ſluice, in 
order, as he ſays, that they may be ſo ſtrong as to re- 
ſiſt in all accidents that can happen; beſides, he adds 
five counterforts on each ſide; their length is equal to 
the thickneſs of the wall, and the mean thickneſs five 
eighths of their length. 


It 
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It is certain, that in conſtructing ſuch works as theſe, 
particular care ſhould be taken to make them ſtrong 
and durable; yet it ought to be conſidered, that by 
making uſe of more maſonry than is neceſſary, It in- 
creaſes the expences conſiderably, and therefore all ex- 
ceſſes ſhould be avoided, 

Now the proper thickneſs of theſe walls may be de- 
termined in the ſame manner as that of thoſe which 
ſupport earth, by comparing the ſpecific gravity of wa- 
ter to that of ſtone or brick; but it muſt be obſerved, 
that the triangular ſection of water has its baſe at the 
bottom inſtead of being above, as in the ſection of 
earth: by this method. it will be found, that if the 
thickneſs of a ſtone wall be four-fifths of the depth of 
the water, as we have made it, it will be able to ſupport 
a preſſure four times greater than that of the water; 
which in my opinion 1s ſufficient upon all occaſions 
whatſoever : but when the wall is made of brick, its 
thickneſs muſt be equa! to the depth of water, in order 
to have the ſame ſtrength. 

Hence it will be found, that the quantity of maſon- 
ry contained 1n a fluice, according to our conſtruction, 
is to the quantity, according to Mr. Belidor's, as 542 to 
723, or as 3 to 4 nearly; therefore, if one one-fourth of 
the maſonry can be ſaved, as it appears by what has 
been ſaid, without making the walls too weak, the 
method we propoſe has greatly the advantage of chat 
given by Mr. Belidor. 

It may be obſerved, that the walls have been ſuppoſed 
to have no ſlope; but in practice they have, or ought 
to have one on the outſide, and as there is likewiſe the 
preſſure of the earth, which helps to ſupport the wall; 
by theſe means its reſiſtance is ſtill greater than we have 
ſuppoſed it to be. 

It muſt alſo be obſerved, that as the width of the 
fluice is divided into as many parts as there are inches 
in a foot; each part will be as many in inches as the 
width is feet ſo that when the width of a ſluice is 
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given in feet, the value of each part is known; thus if 
the fluice is to be 42 feet wide, each part will be 42 
inches, or 3 feet 6 inches, and ſo in any other caſe. 
When a ſluice is built in a place where a great quan- 
tity of water is to paſs, two or more paſſages are to be 
made; that is, two or more ſluices are built at the ſide 
of each other; theſe paſſages have ſometimes the ſame 


width, and at others not, according to the circum- - 


ſtances that render them more uſetul one way than 
another, 

Whence in a ſluice that ſerves to form an inundation, 
or to keep up water, theſe paſſages are made of an 
equal width; but in canals and large rivers that ſerve 
for navigation, the one is made ſo wide as that large 
veſſels may go through it, and the other ſerves for 
ſmaller veſſels. This has been done in the canal at 
Mardick, where thelargeſt is 44 feet, and of conſequence 
wide enough for the ſecond rate of men of war to paſs 
through it, and the other 1s 24 feet, which ſerves for 
ſmaller veſlels. 


Of the T1MBER-GRATES ander the FLOOR and 
Fou NDATION. 


If the foundation be bad, we ſuppoſe piles to be 
driven under the croſſings of the ſleepers m, and the 
tie- beams , in the manner mentioned in the ſeventh 
ſection of the third part; and to prevent the water 
from getting under the foundation, ſix rows of dove- 
tail piles are driven, vi. one at each end, one at each 
of the angles N, E, marked p, and one on each ſide of 
the chamber; and it muſt be obſerved, that, excepting 
thoſe at the angles E, P, the reſt are all driven between 
two ſleepers, in order to keep them tight and cloſe to- 
gether. The ſleepers and tie- beams are partly let into 
each other, and bolted together; but before this is done, 
the looſe earth is removed from between the ſleepers for 
about two or three feet deep, and filled up with ma- 
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ſonry before the tie-beams are laid : this maſonry is car- 
ried on ſo, as that when a bed of mortar is laid over it, 
it may be even with the upper ſurface of the ſleepers ; 
then the inſide of the fluice is covered with a floor of 
three inch thick oaken planks, laid long-ways, and nailed 
to the ſleepers; this floor extends a few inches on each 
ſide over the foundation of the ſide · walls, to prevent the 
water from penetrating through the edges of the floor. 

Bricks are uſed preferably to ſmall ſtones, to fill up 
the parts between the grating, as lying much cloſer, 
and filling up every part exactly; they are laid in ter- 
raſs mortar as well as the reſt of the foundation. This 
being done, the frames made to ſupport the gates at the 
bottom are laid in their proper places, which are com- 
poſed of a ſell 7, two hurters s, two braces v, and a 
tong 4. The ſell enters about three feet into the ſide- 
walls, and the ſockets to receive the pivots of the gates 
are placed in it; the tong ought to be ſo long as to croſs 
three ſleepers, to which it is faſtened in a ſtrong man- 
ner. The ſell, tong, and the hurters, ought to have 
the ſame dimenſions, and their height mult be ſuch as 
to be a foot above the laſt floor of the fluice, as well as 
the floor of the chamber, for which reaſon, the piles 
under the chamber are left a foot higher than the reſt. 

After this another row of ſleepers is laid exactly 
over the firſt, and a row of tie- beams, ſo as to anſwer 
likewiſe thoſe underneath; which being let into one 
another, and bolted together as before, and the va- 
cancies between them being filled up with maſonry, 
and a bed of mortar laid over it, ſo as to be even 
with the upper ſurface of the ſleepers; then a ſecond 
floor is laid, of the ſame dimenſions and extent 
with the former; and when this is done, the fide 
walls are built in the manner which will be mentioned 
preſently. | 

Upon the ſecond floor is laid another of two inch 
thick planks only, which does not enter the wall, in 
order that it may be repaired when it is wanted. This 
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laſt floor may be made of yellow deal, and its ſeams 
mult be well caulked to prevent the water from pene- 
trating through them. 

The walls muſt be made about three feet higher than 
the greateſt depth of water, to prevent the waves from 
paſſing over them: the facings are made with the lar- 
geſt ſtretchers and headers that can be had, laid in ter- 
raſs mortar, and crampt together; the reſt of the work 
is done with good common mortar. 

The foundation muſt be made larger than the wall, 
and in proportion to the weight it is to ſupport, and 
the top mult be covered with large flat ſtones or bricks 
ſet long-ways, laid in terraſs mortar, to prevent the wa- 
ter from penetrating into the maſonry, which otherwiſe 
would deſtroy it in a ſhort time. 

When the wall is finiſhed, a bed of clay is rammed 
againſt | it of two feet thick all round the Harri be- 
ginning as low as the foundation, and raiſed as high as 
the wall, 

Io prevent the water from carrying off the earth by 
its fall, at the ends of the ſluice a falſe floor of faſcincs 
is made of as many fathoms long as the water in the 

fluice is feet high; this bed or falſe floor is ſunk into 
the ground as far as is found neceſſary; but firſt of all 


a bed of clay is laid, and well rammed, then beds of | 


faſcines are laid long-ways, and faſtened with pickets; 
when the faſcines are nearly level with the floor of the 


flvice, pickets are drwen acroſs in rows three feet dil- | 
tant from each other, reaching a little above the faſ- 
cines, and about each row. two branches or poles are 
twiſted of about an inch diameter, ſo as to croſs each 
other between the pickets, which being beat down with 
a mallet, will keep the faſcines very cloſe and tight to- 
ether; the cavities between theſe rows of pickets and 
branches are filled up. with a pavement of hard ſtones a 
foot long, ſer long-ways, well beat down, ſo as the cur-| 
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For a greater ſecurity, a row of dovetail piles is 
driven at each end; and it may be obſerved, that both 
fvors muſt have a gradual deſcent from the chamber 
of about a 48th- part of the length, in order that the 
water may run off clear, when the {luice 1s laid dry and 
any repairs are wanted to be made. 

Aqueducts are ſometimes made in the ſide-walls 
going round the chamber, and coming out before the 
gates, in order that the water may paſs upon occaſion 
trom one ſide of the ſluice to the other, without being 
obliged to open the gates; they have a ſhutter near 
each end, that {hides in grooves, which are drawn up, or 
ler down, when there is occaſion for it. But as wick- 
ets are commonly made in the gates, which may 
ſerve for the {ame purpoſe, unleſs on ſome occaſion 
where the chamber is required to be left dry, and yet it 
is abſolutely neceſſary that the water ſhould paſs from 
one ſide to the other; we have therefore not marked 


them in the plan, but they may caſily be made when- 
ever 1t is thought proper. 


The croſs- ſection ſhews the poſition of a row of piles, 
and the ſlee pers above chem into which they are tenon- 
ed; the ſections of the tie- beams; the floor between 
them; the ſell, and the two floors above it; there is 
alſo ſeen. a row of dovetail piles, broken off in the 
middle, in order to ſee part of the maſonry a, a, be- 


tween the piles and under the ſleepers. The outſide of 


the grates are likewiſe ſeen in this ſection ; how the 


planks are joined to the frame; the ſhutters *, &, 


and the irons both of the gate and ſhutters. In the 


conſtruction of gates, particular care ſhould be taken, 
to join the ſeveral pieces together in ſuch a manner, 
that the whole frame may be as ſtrong as poſſible, and 


not to make them heavier than needs mult be, to pre 
vent their ſinking, which is not eafily done in lirke 
fluices z nor yet 00 weak, for fear of their not being 


able to ſuſtain the great preſſure which is againſt them. 
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The principal frame of a grate conſiſts of two ſtile; 
or uprights; that which is next to the wall and to 
which the pivots are fixed, is called the pivot-poſt, and 
the other the chamfered ſtile, from being edged off on 
the inſide, ſo as to make a plain joint with the other 
gate: theſe two ſtiles are joined by two rails which are 
tenoned into them. The other pieces, which are not 
ſeen in this ſection, but ſerve to ſtrengthen the gate, 
conſiſt of ſeveral rails placed not nearer to each other 
than 24 inches, nor farther than 30; and of ſeveral braces 
which form the ſame angle with the pivot-poſt as the 
Joints of the planks on the outſide, and they are tenoned 
into the rails; laſtly, of two monions or ſhort uprights 
to form the wickets. 

As it is too nice a calculation to find the proper ſtrength 

of each piece in ſuch a manner as may be depended upon 
in practice, we ſhall give their dimenſions, ſuch as are 
inſerted in Mr. Belidor's works, and which, he ſays, have 
been taken from thoſe moſt approved of in practice. 

The pieces of the principal frame are generally made 
of the ſame dimenſions, though ſome will have the 
chamfered-ſtile leſs than the pivot-poſt, and the rails to 
diminiſh gradually; and others ſay that the gates ſhould 
be ſtronger below than above, on account that the preſ- 
ſure of the water 1s the greateſt there; bur as the gates 
are ſupported below by the hurters, that diminution 
ought rather to begin at about one-third of the height 
diſtant from the bottom. However, we ſhall ſuppoſe 
the pieces of the principal frame to be of the ſame di- 
menſions, which are as follows. In all fluices from 8 
to 12 feet wide, the pieces of the principal frames are 
to be 8 inches thick, and 10 broad; the intermediate 
rails 6 by 8; the braces and monions 4 by 6; and the 
whole covered with two-inch thick planks as well as all 
- the gates of fluices under 37 feet wide. 

In fluices which /are from 13 to 18 feet wide, the 
pieces of the principal frame are to be 10 by 12 inches; 
the intermediate rails 8 by 10; the braces and monions 
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4 by 6. In ſluices from 19 to 24 feet wide, the pieces 
of the principal frame are to be 12 by 14 inches; the 
intermediate rails 10 by 12; the braces and monions 
by 7. In ſluices from 25 to 30 feet wide, the pieces 
of the principal frame are to be 14 by 16; the inter- 
mediate rails 12 by 13; the braces and monions 6 by 
8. In fluices from 31 to 36 feet wide, the pieces of 
the principal frame are to be 15 by 17 inches; the in- 
termediate rails 13 by 14; the braces and monions 7 
by 9. It muſt be obſerved, that when the gates are 
very high, the middle rail is made of the ſame dimen- 
ſions as thoſe in the principal frame, 

In all ſluices from 37 to 42 feet wide, the pieces of 
the principal frame are to be 16 by 18 inches; the in- 
termediate rails 14 by 16; the braces and monions 7 
by 9; and covered by planks of two inches and a half 
thick; or rather with two rows of planks of that thick- 
neſs, in order that the ſeams of the under row may be 
covered by the upper one. Laſtly, in all luices which 
are from 42 to 48 feet wide, the pieces of the principal 
frame are to be 18 by 20 inches; the intermediate rails 
'15 by 18; the braces and monions 8 by 10; covered by 

lanks of two inches and a half thick as before. 

It may be obſerved, that theſe dimenſions depend on 
the width of the ſluice only; the depth of the water has 
not been conſidered, though it ſhould have been done; 
ſince the greater that depth is, the preſſure is likewiſe 
the greater, when the reſt is the ſame ; conſequently 
the dimenſions here given mult be increaſed in great 
depths, and diminiſhed in ſmall ones. | 

As to the number and ſtrength of the irons in the 
gates of a fluice, they ought to be in proportion to the 
largeneſs an weight of the frame; the principal ones 
in {mall fluices are reduced to two (traps, which ſerve to 
bind the under and upper rails to the pivot-polt, which 
they embrace on both ſides; they are let into the wood, 
ſo as to be even with the ſurface of the gate, and faſt- 
ened with 5 or 6 iron bolts rivetted with burrs, or with 
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The principal frame of a grate conſiſts of two ſtiles 
or uprights; that which is next to the wall and to 
which the pivots are fixed, 1s called the pivot-poſt, and 
the other the chamfered ſtile, from being edged off on 
the inſide, ſo as to make a plain joint with the other 
gate: thele two ſtiles are joined by two rails which are 
tenoned into them. The other pieces, which are nor 
ſeen in this ſection, but ſerve to ſtrengthen the gate, 
conſiſt of ſeveral rails placed not nearer to each other 
than 24 inches, nor farther than 30; and of ſeveral braces 
which form the ſame angle with the pivot-poſt as the 
Joints of the planks on the outſide, and they are tenoned 
into the rails; laſtly, of two monions or ſhort uprights 
to form the wickets. 

As it is too nice a calculation to find thè proper ſtrength 
of each piece in ſuch a manner as may be depended upon 
in practice, we ſhall give their dimenſions, ſuch as are 
inſerted in Mr. Belidor's works, and which, he ſays, have 
been taken from thoſe moſt approved of in practice. 

The pieces of the principal trame are generally made 
of the ſame dimenſions, though ſome will have the 
chamfered-ſtile leſs than the pivot-poſt, and the rails to 
diminiſh gradually; and others ſay that the gates ſhould 
be ſtronger below than above, on account that the preſ- 
ſure of the water is the greateſt there; but as the gates 
are ſupported below by the hurters, that diminution 
ought rather to begin at about one-third of the height 
diſtant from the bottom. However, we ſhall ſuppoſe 
the pieces of the principal frame to be of the fame di- 
menſions, which are as follows. In all fluices from 8 
to 12 feet wide, the pieces of the principal frames are 
to be 8 inches thick, and 10 broad; the intermediate 
rails 6 by 8; the braces and monions 4 by 6; and the 
whole covered with two-inch thick planks as well as all 
the gates of ſluices under 37 feet wide. | 

In fluices which are from 13 to 18 feet wide, the 
pieces of the principal frame are to be 10 by 12 inches; 
the intermediate rails 8 by 10; the braces and monions 
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4 by 6. In luices from 19 to 24 feet wide, the pieces 
of the principal frame are to be 12 by 14 inches; the 
intermediate rails 10 by 12; the braces and monions 
by 7. In fluices from 25 to 30 feet wide, the pieces 
of the principal frame are to be 14 by 16; the inter- 
mediate rails 12 by 13; the braces and monions 6 by 
8. In fluices from 31 to 36 feet wide, the pieces of 
the principal frame are to be 15 by 17 inches; the in- 
termediate rails 13 by 14; the braces and monions 7 
by 9. It muſt be obſerved, that when the gates are 
very high, the middle rail is made of che ſame dimen- 
ſions as thoſe in the principal frame. 

In all ſluices from 37 to 42 feet wide, the pieces of 
the principal frame are to be 16 by 18 inches; the in- 
termediate rails 14 by 16; the braces and monions 7 
by 9; and covered by planks of two inches and a half 
thick; or rather with two rows of planks of that thick- 
neſs, in order that the ſeams of the under row may be 
covered by the upper one. Laſtly, in all Aluices which 
are from 42 to 48 feet wide, the pieces of the principal 
frame are to be 18 by 20 inches; the intermediate rails 
'15 by 18; the braces and monions 8 by 10; covered by 
planks of two inches and a half thick as before. 

It may be obſerved, that theſe dimenſions depend on 
the width of the ſluice only ; the depth of the water has 
not been conſidered, though it ſhould have been done; 
ſince the greater that depth is, the preſſure is likewiſe 
the greater, when the reſt is the ſame ; conſequently 
the dimenſions here given mult be increaſed in great 
depths, and diminiſhed in ſmall ones. 

As to the number and ſtrength of the irons in the 
cates of a fluice, they ought to be 1n proportion to the 
largeneſs an weight of the frame; the principal ones 
in imall fluices are reduced to two (traps, which ſerve to 
bind the under and upper rails to the pivot-polt, which 
they embrace on both ſides; they are let into the wood, 
ſo as to be even with the ſurface of the gate, and faſt- 
ened with 5 or 6 iron bolts rivetted with burrs, or with 
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rings and keys; the length of theſe ſtraps ought to be 
about one-third of the width of the gate. Sometimes 
the chamfered- ſtile is bound to the rails above and be- 
low, withy ſtrait ſtraps like the former, but oftener with 
bent ones, ſuch as are repreſented in the ſection, one oh 
each ſide, bolted together in the ſame manner as the 
former, 

When the gates belong to a large ſluice which con- 
tains a great depth of water, the middle rail is likewiſe 
bound to the pivot poſt, and the chamfered- ſtile by two 
ſtraps in the form of a T, both within and without, 
bolted together as before; and when the gates are very 
large, two ſtraps are uſed to faſten the upper rail to the 
pivot-poſt, becauſe the greateſt ſtreſs lies in that part; 
and to ſecure it ſtill more, another ſtrap is bolted upon 
the edge of the upper rail, and bent againlt the pivot- 
poſt; this laſt [trap is of greater uſe to keep the gate from 
ſinking than any other, for which reaſon it is ſeldom 
omitted, whether the gates be ſmall or large. 

The various contrivances that are made to open and 
ſhut the gates, require ſome notice to be taken of 
them; but as in ſo {mall a work as this, it is not poſſi- 
ble to give a complete deſcription of every particular 
part, they therefore muſt be left to the ſagacity and 
prudence of the builder. It muſt be obſerved that as 
the wickets are made to let the water into the chamber 
before the gates are opened, in order to eaſe them from 
the great preſſure of the water on the outſide, there 
ſeems to be no reaſon for placing them ſo low, nor fo far 
from the pivot · poſt as is commonly done; for provided 
they are low enough to let in ſo much water as will rite 
to the ſame level within as it is without, it will be ſut- 
ficient; conſequently the lower part of the wickets 
ſhould never be below the middle height of the water 
without, whereby the weight of the irons will be dimi- 
niſhed. And the nearer the wickets are to the pivot- 
poſts, the leſs the preſſure would be upon the gates, 
v. "AP the wickets are to be opened; beſides, all poſſible 
means 
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means ſhould be uſed, to lighten the farther end of the 
gates, to prevent their ſinking, which they will do ne- 


vertheleſs, eſpecially when they are large: this how- 


ever may be remedied, by placing braſs caſters under 
them, at above jg LE of their width from the pivot- 
poſt ; but then a piece of timber muſt be placed upon 
the floor, of a circular form, for the roller or caſter to 
move upon. 

Sometimes the gates of large ſluices are made in the 
form of a part of a cylindric ſurface, whoſe baſe is a 
twelfth part of a circle; this is done in view to ſtrengthen 
the gates againſt the preſſure of the water; in ſuch a 
caſe the curve of the rails mult be natural, and accord- 
ing to the grain of the wood, otherwiſe the gates will 
become weaker inſtead of being ſtronger; ſince a ſcant- 
ling cut acroſs the grain of the wood will always be 
weaker than any other of the fame dimenſions, and the 
ſame kind of timber, 

Various methods are uſed to ſhut ſluices under twenty- 
four feet wide: in ſluices from ten to fifteen feet wide, 
a ſingle gate is made, which is ſometimes opened by 
means of a capſtanes, at others the upper rail of the 
gate is made ſo as to go beyond the pivot-poſt, and from 
thence made much thicker and heavier, to be a kind of 
a counter-balance to the gate ; the end of which being 
preſſed downwards by ſeveral people, and then turned 
round, opens the gate eaſily. 

Sometimes ſingle gates are uſed of a much larger ſize 
than the former; thele gates have their pivot-poſlt nearly 
in the middle; ſo that the largeſt part of it turns to- 
wards the ſtream when the gate is to be opened, and 
the leaſt the contrary way. The pivot-poſt muſt be 
placed in ſuch a manner, that the preſſure of the water 
againſt the largeſt part may keep the gate ſhut cloſe, 
and at the ſame time that there may not be too great 
difficulty to open it. It has been found by experience 
that when the preſſure againſt the largeſt part exceeds 
that againſt the leſſer 24 one ſixth part, it is ſufficient; 

whence 
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whence it is eaſily proved from the known principles 
of hydroſtatics, that if the width of the ſmalleſt part is 
to the width of the largeſt, in the proportion of 12 to 
13, it will anſwer the ſaid proportion of the preſſure. 

Theſe gates are certainly the moſt convenient that 
can be; bur as there mult be Jaid a ſtrong timber acroſs 
the fluice to ſupport the upper pivot, no veſſels thar 
have maſts can paſs through them; for which reaſon, 
they cannot be uſed but in Juices that ſerve to keep up 
the water for raiſing an inundation, or in thoſe that are 
built at the entrance of a canal, which runs into a har- 
bour, for the ſake of clearing and carrying away the {and 
and ſhingle that have becn driven in by the tides. 

Wickets have been made in this manner, and found 
very convenient; becauſe the great preſſure of the water 
againſt the common fort, makes their opening very 
troubleſome; whereas this fort are opened and ſhuc 
with great caſe, and very Jittle labour. 

Sometimes ſluices are made in fortreſſes at the ſide of 
ſtone- bridges; this is done by making the piers to pro- 
ject beyond the bridge, and in the projected part cul- 
lifes are contrived fo as to let down ſquare timbers, 
which being kept cloſe and tight, the water may be 
raiſed to any height: in ſhort, many other ſorts of fluices 
are made upon various occaſions, which it would be 
Inconvenient to mention in this work. 


Of AQUVEDUCTS. 


The intent of aqueducts is generally to bring water 
from a ſpring or river to a town, but they are likcwiſe 
uſed to carry canals over low ground, and over brooks 
or {mall rivers: they are built with arches like a bridge, 
only not ſo wide, and are covered above by an arch to 
prevent duſt or dirt trom being thrown into the water. 
The ancient Remans were remarkably curious in theſe 
ſorts of works, for they not only ſupplicd all the parts 
of Rome with water for common vies, but likewiſe for a 
great number of public baths; and that nothing might 
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be wanting, created a public magiſtrate, whoſe only 
buſineſs was to take care of them, either to repair thoſe 
already made, or to conſtruct new ones where they 
were wanted; ſometimes the ſame work ſerved for both 
a bridge and aqueduct ; then the water was led through 


two covered canals, one on each fide of the road, for 
carriages. 


As theſe kinds of aqueducts differ very little in their 


conſtruction from common bridges, of which we have 
treated before, we ſhall not enter into any particulars 
here concerning them; but when a canal is to paſs 
through a country croſſed by rivers, it muſt be obſerve 
ed how high, in reſpect to the bottom of the canal, the 
water riſcs at the time of its greateſt flood, in order to 
know whether theſe waters can be carried under the 
bottom of the canal by means of aqueducts, and have 
yet a ſufficient declivity to run off. 

The ſame thing is to be obſerved in regard to thoſe 
ariſing from the rains and the melting of the ſnows, 
which when led into a ditch made along the higheſt ſide 
of the canal, may from thence be carried off to the 
other ſide, underneath the canal: theſe waters ſhould 
never be carried into the canal, unleſs it be impracti- 
cable to do otherwile. 

It requires great precaution, as well as circumſpec- 
tion, in determining the place of aqueducts, ſo as to 
give them ſufficient room when they have but one pal- 
ſage, which is to be widened at the entrance, and at 
the outlet, in a proper manner: if there is not a ſuffi- 
cient depth to conſtruct one of ſuch a bigneſs, as the 
quantity of water that is to pals requires, two or more 
paſſages muſt be made at the fide of each other, to 
prevent an inundation, that. otherwiſe might enſue ; 
but it muſt be obſerved to make them in ſuch a man- 
ner as to be eaſily cleared from the ſand and mud de- 
poſited there by the water, for want of its having a 
ſufficient velocity. 

Therefore, 
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Therefore, when the water on both ſides is nearly 
level with that in the canal, it muſt be avoided as much 
as poſſible, to make the aquedudt in the form of a ſy- 
hop, in, order to carry the waters under the bottom of 
he canal; bur rather to let the water into the canal on 
the hicheft (ice, and out on the other, by means of 
Tall fluices with fnüttefs. 

When the waters are below the bed of the canal, it 
1s carried over them by means of an aqueduct, in the 
form of a bridge with ſeveral arches, through which 
the water paſſes; there are many of this kind in the 
famous canal of Languedoc. In this cafe, after having 
determined the interval between the two aburments, 
according to the quantity of water that is to paſs 
through The arches in the time of the greateſt flood, 
and agreed on the number of arches, in reſpect to the 
width it is convenient they ſhould have, ſo as not to 
mullciply.the number of piers without neceſſity, for fear 
of diminiſhing the paſſage of the water ; z in ſhort, after 
Haying taken all the neceflary precautions, in conſe- 
quence. of the level of the canal, to determine the 
height ef the arches, and their thickneſs at the key- 
ſtone ; then the parts between the arches are filled with 
g00d maſonry to make the upper part level, and a bed 
of cement is laid all over, with the ſame care and man- 
ner as has been explained in the ſection where we have 
treated of under ground arches, to prevent the water 
of the canal from penetrating through any part of the 
arches, which otherwiſe would deſtroy them i in a ſhort 
time, were this precaution not uſed. 

The width of the aqueduct muſt be ſuch, that the 
largeſt veſſel uſed may pals conveniently ; or if the 
canal is much frequented, it ought to be ſuch, that 
two or more veſſels may pals a-breaſt ; and at the ſides, 
paſſages are alſo made for the borſs which draw the 
velicls, 3 

When the ſurface of the waters is nearly level with 
the bottom of the canal, the aqueduct mult be lower in 
the 
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the middle than at the ends; in ſuch a ba. ce pools 
muſt be made on each ſide, of ſufficient depth and 
breadth, ſo that the water may run in firſt there, to 
ſettle and depoſite its mud, before it paſſes through the 
aqueduct; but this ſhould never be done when ! it 18 poſ- 
ſible to do otherwiſe, by placing the aqueduct either 
ſomething higher up the canal, or lower down. 
Heſides thoſe kinds of aqbedutts we have mentioned 
already, there are others placed on the tops of hills, 
which ſerve as a reſervoir tor water to be from thence 
carried through pipes into gardens to make water-works 
tor pleaſure ; and the water is brought into them by 
means of pumps and other engines. The moſt famoys 
one of this ſort, in Europe, is that at March; and as it 
is admired by all travellers that have ſeen it, the reader 
will perhaps be pleaſed with a deſcription of it, Which 
we have made upon the ſpot, in company with ſome 
other gentlemen. 


The length of this famous aqueduQ is 400 y yards, | 


and ſupported by 36 arches ; its greatett height is 82 
feet, and loweſt 75 feet, fo that the ſlope of the canal 
is about 7 fret from the higheſt part to the loweſt," the 
width of the arches ts 8 yards, and the height of the 
higheſt 32 feet; the breadth of the piers is equal to the 
width of the arches, that is 8 yards, and their thickneſs 
yards below reduced to 7 feet above, becauſe the 
| building has a ſlope on each fide; the walls which in- 
cloſe the canal of the water are each a foot and a half 
thick, and an arch goes over it; ſo the canal is about 
feet wide. and about the ſame height 1 in the middle. 
This aqueduct is 500 Frenco feet above the ſurface 


of the river Seine, and at 1220 yards diſtance from it: 


- as this height is too great for a ſingle ſer of pumps io 
force the water up at once, let them be ever ſo ſtrong, 
it has therefore been divided nearly into three equal 
parts; the firſt ſet of pumps raiſes the water to a height 
of 150 feet, the next ſet, which is 300 yards diſtant 
from the river, raiſes 1 it 175 feet, the third let, which 
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is 648 yards from the river, raiſes the water up to the 
aqueduet, that is 175 feet more. 

From this aqueduct, two pipes of 18 inches diameter 
lead the water into a baſon at Marly, and from thence it 
goes to the ſeveral fountains in the garden; there is 
likewiſe another pipe of 8 inches diameter that leads 
the water from the aqueduct to Verſailles. 

There are 253 pumps employed to force the water 
up to the aqueduct, and from the laſt ſet it is carried up 
by 6 pipes, each being 8 inches in diameter; the quan- 
tity of water raiſed formerly in a day was 779 cubic 
fathoms, but at preſent, it raiſes ſcarcely above half 
that quantity ; which may be owing to ſome decay in 
the machine, or negle& in its repair. 

Notwithſtanding the wonderful contrivances of the 
author (one Ranequin of the country near Liege) in the 
diſpoſition of the ſeveral parts of this machine, yet 
many pretended judges find fault with it; though none 
of them are capable to invent a new one that can be 
compared to this; but it is cuſtomary amongſt the pre- 
ſent virtuoſi, to find fault with the performances of their 
maſters, and think themſelves better {killed than thoſe 

they can barely imitate. 

But amongſt the critics of this wonderful machine, I 
except Mr. Belidor, who has really ſhewn ſome defects 
in the bodies of the pumps, and at the ſame time, how 
they might be amended: and as he has given a full de- 
{cription of ir, together with proper plans and ſections, 
we refer the reader to his works for a full account of 
this machine, which we have only mentioned, as being 
partly connected with the aqueduct, the deſcription of 
which alone we propoſed to give Bere 
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ter Quarters, &c. &c. &c. The Whole compiled from the 
beſt Authors on the Subject. A New Edition. By James 
Anderſon, Eſq; Lieutenant Colonel in the Service of Por- 
tugal, 

0. Aſtronomy explained upon Sir 1/azc Newwtor's Principles, 
and made eaſy to thoſe who have not ſtudied Mathematics, 
To which is added, the Method of finding the Planets from 
the Sun, by the Tranſit of Venus over the Sun's Diſk in the 
Year 1701. Theſe Diſtances deduced from that Trankit ; 
and an Account of Mr, H:rrox's Obleivations of the Fran- 
fit in the Year 1629, Illuſtrated with 28 Copper-plates. A 
new Edition. 

7. An 
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7. An eaſy Introduction to Aſtronomy, for young Gentle- 
men and Ladies : deſcribing the Figure, Motions, and Di- 
menſions of the Earth; the different Seaſons; Gravity and 
Light; the Solar Syſtem; the Tranſit of Venus, and its 
Uſe in Aſtronomy; the Moon's Motion and Phaſes ; the 
Eclipſes of the Sun and Moon; the Cauſe of the Ebbing 
and Flowing of the Sea, &c. 2d Edition, 

- 8. Tables and Tracts relative to ſeveral Arts and Sciences. 
9. An Introduction to Electricity, in ſix Sections. 1. Of 
'EleAricity in general. 2. Deſcription of the Electrical Ma- 
chine. 3. A Deſcription of the Apparatus (belonging to the 
Machine) for making Electrical Experiments. 4. How to 
know if the Machine be in good Order for performing the 
Experiment, and how to put it in Order, if it be not. 
5. How to make the Electrical Experiments, and to preſerve 
Buildings from Damage by Lightning. 6. Medical Elec- 
tricity. Illuſtrated with Copper- plates. 

10. Lectures on Select Subjects in Mechanics, Hydroſta- 
tics, Pneumatics, and Optics; with the Uſe of the Globes, 
the Art of Dialling, and the Calculation of the Mean 
Times of New and Full Moons and Eclipſes. 

11. Select Mechanical Exerciſes, ſnewing how to con- 
ſtruct different Clocks, Orreries and Sun Dials, on plain 
and eaſy Principles. With feveral Miſcellaneous Articles and 
Tables. IIluſtrated with Copper plates. To which is pre- 
fixed, a ſhort Account of the Life of the Author. 

+*x The above Six by James Ferguſon, F. R. 8. 

12. A Treatiſe of Algebra, in three Parts. Containing, 1. 
The fundamental Rules and Operation. 2. The Compoſi- 
tion and Reſolution of Equations of all Degrees; and the 
different Affections of their Roots. 3. The Application of 
Algebra and Geometry to each other, By Colm Maclaurin. 
3d Edition. | 
. 13. £uclid's Elements of Geometry, from the Latin Tran- 
lation of Commandine, By Samuel Cunn. The 10th Edition, 

14. Annuities on Lives: With ſeveral Tables, exhibit- 
ing at one View the Value of Lives, for different Rates 
of Intereſt. Dbe 4th Edition. In which are added, Ta- 
bles, for Three, and Three and a Half per Cent, By 
A. 44 ellow of the Royal Societies of London and 
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